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INTRODUCTION. 



The Proprietors of the Encyclopaedia Britannica having resolved on printing the article 
^* Ship-Building" as one of their separate Treatises, it may not be deemed superfluous to ap- 
pend to it the following short explanatory introduction. The principal inducement to this 
determination on the part of the Proprietors, is the great scarcity of works on Naval Archi- 
tecture in the English language. It may fairly be objected, that a Treatise, written in con- 
formity with the restrictions of space necessary to the articles of an Encyclopaedia, must be 
inadequate to supply this desideratum, and must be deficient in professional detail. Although 
this objection is to a certain extent admitted, it is doubtful whether ^the increased utility 
of a more voluminous work would have been commensurate with the additional cost, or 
whether a Treatise which aims at the popular elucidation of general principles is not 
likely to be of more use, and more adapted to win attention, than a work of elaborate dis- 
quisitions ; a work, in fact, containing not only the principles of the science, but details 
concerning the application of those principles, together with all the technical minutiae of 
the art of ship-building, uninteresting to all but practical men. 

The principal additions which might have been made would have consisted of examples 
of the various calculations necessary to the scientific formation of the deagn of a ship^ more 
voluminous tables of dimensions of ships of all classes, and for all services, and correspond- 
ing tables of scantlings of their various component parts. 

With respect to an example of the method of making the whole of the calculations, it 
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VI INTRODUCTION. 

certainly would have appeared a most imposiDg mass of arithmetical labour, and might have 
saved some little thought to an inattentive student This Treatise will, however, have failed 
very materially in the object for which it was written, if the description of the mauner of 
performing these calculations should not be sufficient to enable an attentive student to com- 
plete them without the aid of an example. Should an example be deemed indispensable, 
one maybe found at the close of Professor Inman's notes to his translation of the Architectura 
'U avails Mercatoria of Chapman; a work that should be in the library of every person 
wishing to study naval architecture. It certainly is reqmsite that the student should have 
at least the preparation of elementary mathematical knowledge. Without this preliminary 
acquirement, it would be impossible for him duly to comprehend the object or the nature of 
the work on which he was employed, or to have any confidence in his results when they were 
obtained. With comparatively elementary mathematical knowledge, he may not only un- 
derstand the explanation of the manner of, and the reasons for, performing the calculations, 
but also apply them to particular cases. It is perhaps necessary to state, that little more 
than what may be considered elementary knowledge of mathematics will be required in 
reading the whole of the Treatise. In the mathematical investigations of the questions in- 
volving the mutual dependence of the water on the hull of the ship, and of the wind on the 
sails, a knowledge of the simple problems which embrace the principles of the composition 
and resolution of forces is necessary. But no person unacquainted with these principles 
can be said to be competent to direct works of importance in any branch of mechanical art, 
and therefore it cannot be too great an assumption to presuppose that persons wishing to 
understand what naval architecture is, still more to become naval architects, are acquaint- 
ed with them. Also, since naval officers cannot enter into the reasons for the beautiful 
manoeuvres incidental to the practice of navigation, if unacquainted with these principles, 
the same argument may be adopted to justify the supposition that diey also are in pos- 
session of such preliminary knowledge. Therefore, should they be induced to read that por- 
tion of the present Treatise in which these questions are involved, they will meet no diffi- 
culty which attention will not overcome, and will find that the theory of seamanship is most 
intimately connected with the theoretic studies of the naval architect. 

With respect to dimensions of ships, a sufficient variety will be found in the following Trea- 
tise, to serve as data in applying the reasonings and investigations that are contained in it 
to practice. Again, with regard to the addition of schemes of scantlings, the object of that 
portion of the work which is devoted to practical ship-building has rather been to strike 
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INTRODUCTION. Vll 

out a new method of treating the subject, than to follow the usual routine of giving long 
details of scantling, sizes of fastenings, and minutiae of workmanship, which would have 
little to recommend them beyond others that are already in print The course adopted has 
been to establish a few leading principles as guides to the practical ship-builder, by which 
to determine the nature of the strains and stresses to which a ship as a whole, and the va- 
rious combinations of its structure as parts of that whole, are subjected. And the reason 
for pursuing this plan has been the conviction, that it is of greater importance, in a prac- 
tical point of view, to determine the nature of the stress, and how most advantage- 
ously to place a fastening, a tie, or an abutment, to oppose that stress, than to accumulate 
tables of scantlings to those which are already to be found in print; at least the adoption 
of this course is considered as being more likely to conduce to an economical acquisition 
of strength. In fact, the tremendous power of the waves of a tempestuous sea, and the 
dangerous, and often, in' despite of all precautions, fatal effects of a vessel's grounding or 
striking on a rock, must make it evident that in many cases it is not only utterly impossible 
to estimate the limits of the strain which would have to be resisted, but impracticable to 
accumulate an amount of strength sufficient to preserve the vessel from destruction. 

In the generalizations of this part of the Treatise, the endeavour has been to point out 
those portions of the structure that are capable of being adequately strengthened to resist the 
usual stridns to which they will be subjected ; also those parts in which strength may be most 
advantageously accumulated as a reserve, and those other parts which it is necessary to 
strengthen by support to be derived from these stronger portions of the structure. By this 
means it is conceived that a ship of uniform strength or power of resistance to external 
force, and to strains from excess of cargo, and from stress of weather, may be insured. It 
is presumed that a ship of adequate strength against all but the unavoidable contingencies 
already mentioned, can scarcely fail of being built, if any of the recognised schemes of scant- 
lings be taken as the basis of the dimensions of her timbers, and the reasonings of the Trea- 
tise be considered in their disposition, or in any modification of them. 

The only guide in the English language for the details of the system of practical build- 
ing which is pursued in the Government dock-yards, is " Fincham's Outlines of Ship- 
Building." . Mr Fincham, now the master shipwright of Chatham dock-yard, was, almost 
from the foundation of the late School of Naval Architecture until its abolition, the instructor 
of the students in practical ship-building. He has had, therefore, in addition to his own pre- 
vious knowledge acquired in a dock-yard, many years of that best of all experience, the 
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experience acquired from teaching ; and the existence of his work renders the absence of 
similar details in the present Treatise of comparatively little importance. It may however 
be necessary to observe here, that much information in practical building which has not 
been embodied in the letter-press of the following pages, will be obtained by referring to 
the plates. 

It will be observed, that in the pages of the following Treatisie, whenever the details of 
practical building incidentally involve the mention of modem deviations from ancient cus- 
tomary combinations or methods of fitting, all discussion as to who were or who were not 
the original proposers has been avoided. A contrary course would have been entering into 
controversial discussions that would have been completely at variance with the intention 
of the Treatise. 

Although the portion o fthe article which has been devoted to the subject of laying off 
ships on the mould-loft floor is that which is the most abridged, in consequence of want of 
space, it is considered that enough of the principles are explained to render any particular 
application of them, beyond the examples given in the text, a task of very little difficulty. 
It will be seen that in several instances, although the methods of laying off certain 
portions of the vessel are illustrated by the plates, the text which referred to these illus- 
trations has been omitted, to bring the matter within the limits assigned. The laying off 
was selected for abridgment, because, although there are no works in the English lan- 
guage that treat either of the theory or the practice of naval architecture, on the plan 
which has been attempted to be pursued in this Treatise, we possess several works upon 
laying off. Of these the best are undoubtedly Stalkaart, Steel, and Fincham, Mr Fincham's 
having the advantage of being the most modern, and adapted to modern ideas and 
improvements. 

It has not unfrequently been objected to works having for their object the diffusion of 
information on naval improvement, that we, as Englishmen, should be cautious in pub- 
lishing such knowledge, but should rather endeavour secretly to avail ourselves of it, 
because an opposite course might tend to diminish the superiority of our navy, by increas- 
ing the efficiency of that of our rivals. We do not believe that this conclusion is at all 
correct^ and we shall presently endeavour to establish the position we thus assume. But 
even were it absolutely and incontrovertibly correct, it can only be applied to the question 
of the improvement of naval architecture, by the advocates of a most selfish and narrow- 
minded policy. A broad distinction should be drawn between the means of 'preservation 
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and the means of destruction. The means of preserving human life should be considered 
the commoii property of all mankind ; the means of destroying it, unless the national safety 
should demand it, a secret neither to be divulged nor used. Every man who can in any 
way add to the security with which the sea may be navigated, is as much bound to diffuse 
such knowledge, as he would be to save a drowning man from the waters. Whether the 
additional security be attained by the improvement of the chart, which is the guide to na- 
vigation, or of the chronometer and sextant, which render that guide avdlable, or finally 
of the sliip itself, the additional security is a boon to mankind, and the promulgator or the 
inventor of the means by which it is attained is surely a benefactor to his species ; because, 
in proportion as the means and aids of navigation are perfected, its dangers are diminished, 
and in proportion as the knowledge of the methods for improving them is diffused, so is 
the whole family of man benefited, and the natural state of society, which must be pre- 
sumed to be a state of peace and good-will, ameliorated. 

On the other hand, as far as the question of state-policy is involved, it should be remem- 
bered, that although we may avoid the discussion of questions on the improvements of 
naval architecture among ourselves, we cannot prevent other nations from discussing 
them ; the necessary result of which would be, and we may almost say has been, because, 
to a certain extent, this policy has been pursued in England, that they would progressively 
improve, while we should be confined to the slow and uncertain developments of know- 
ledge, which are the necessary consequences of being restricted within the bounds of an 
ever-commencing, because an uncommunicated, or, at the best, an imperfectly communi- 
cated experience. It may be said that we can profit by their advance ; but is this assump- 
tion correct? If foreign nations follow that more enlightened system of policy which 
encourages the application of other and more abstract sciences to the investigation of the 
phenomena of naval architecture, and are thus able to arrive at and to establish correct 
conclusions, to be transmitted as sure bases for further researches, while we, on the con- 
trary, remain ever restricted to that modicum of knowledge, or of experience, as it is 
called, which is the result of a lifetime of error, how are those men to be formed who 
would be capable of profiting by the advance made by the foreigner ? Where are those 
men who can even be fitted to comprehend in what it consists sufficiently to render it 
available to our wants ? Be this as it may, it is too notorious, that during our wars with 
France and Spain, we have never yet been able to derive the advantage of any consider- 
able increase to our knowledge in the principles of designing ships, from the numerous 
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fleets which have fallen into our hands, although it is equally notorious that their ships 
were superior to our own. The excitement of emulation is deadened in the mere copyist, 
and one of the chief incentives to improvement is lost iu the servile office of imitation. 

It may possibly be thought, that a very large proportion of space is appropriated in this 
Treatise to the historical sketch of the progress of naval architecture. It was found however 
impossible to avoid this ; nor perhaps is it to be regretted, for it is a great point towards 
the advance of any branch of knowledge, not only to ascertain the existing amount of that 
knowledge, but also the various steps by which that amount has been obtained, and the rea- 
sons why it was not sooner obtained. We are prone to wonder, when we look back from the 
present comparative perfection of the various sciences, through long centuries of delusion 
and of ignorance, to their rise, and trace the wearisome and feeble steps by which that 
perfection has been attained ; and we are astonished that such apparently trifling impedi- 
ments should have so long delayed their progress ; but on reflection we shall find, that the 
principal reason for the various delays, interruptions, and even retrogressions, which have, 
to a greater or less degree, been attendant on the progress of the whole of them, was, that 
in many instances the apparent advances in the path of improvement were not based on 
knowledge sufficiently profound. Thus, although in that most sublime and most perfect 
of all sciences, astronomy, amazing discoveries had been made through the persevering ana- 
lyses of such men as Hipparchus and Ptolemy among the ancients, and Copernicus, Tycho 
Brahe, Kepler, and G^ileo, among the modems ; it was not until the discovery by New- 
ton, of the laws of gravitation, that each fresh investigation led to an assured advance in 
our knowledge of the universe. Again, in tracing the history of naval architecture, how 
long was its progress delayed? And how vast must have been the loss of human life, 
merely from the ignorance that existed among ship-builders, of that problem which drew 
forth from Archimedes the joyful ejaculation, <^ I haVe found it ! I have found it !" up- 
wards of two thousand years before Sir Anthony Deane first, in England, applied it to 
ship-building ? 

The science of naval architecture — for as a science it must now be treated, to en- 
able it to respond to the requirements of the present day — cannot be said to have been 
even in its embryo until the discovery of the compass ; for until then little more than boats 
were adequate to the most extended wants of navigation. This discovery was made, 
according to the received opinion, about the year 1300, though there appears to be good 
reason to believe, that the directing power of the magnet was imperfectly known, and par- 



Digitized by V^OOQ iC 



INTRODUCTION. XI 

tially applied to the purposes of navigation, for nearly a century previous to this date. Be 
that as it may, we have tolerably succinct histories of nautical adventure from that period 
until the present; and the result of an investigation as to the diminution of sea-risk from 
the time of Gioia to that of Drake, from thence to that of Anson, and again to the present 
epoch, would be not merely a curious, but an instructive document, because it would serve 
as a practical illustration of the advantages resulting from the improvement which has 
gradually taken place, and because also we might fairly draw an induction from what has 
been done with but very imperfect means, to what might have been done had those im- 
provements been anticipated by centuries. And it is not unreasonable to presume that 
many of them would have been so, had it chanced that the aid of a scientific system of in- 
vestigation could have been as early applied to naval architecture as it has been to civil 
architecture. 

We may fairly say that there is no machine upon which more varied or more extended 
knowledge may be advantageously bestowed than upon a large ship, to insure perfection in 
its several requisites, as a machine for locomotion, for burthen, for war, for strength, and 
for durability ; and we grieve to say that we know of none upon which so little has been 
considered necessary, at least in this country. It was at once admitted that Sir Chris- 
topher Wren, who, Newton has said, was one of the greatest geometricians of the age in 
which he lived, was alone equal to the task of rebuilding St Paul's ; and both before and 
since that time there has not been a public building, nor even a mansion, erected, with- 
out the aid of men of scientific education./ A first-rate man-of-war is as a cathedral in its 
immensity and in its expense, and a loaded Indiaman is even yet a more costly hazard : 
add to this the inappreciable amount of human life with which each is freighted, and well 
may greater skill, profounder. science, and higher intelligence, be each and all tasked to 
insure the safety of the precious charge, which, unlike the earth-supported cathedral, is 
almost a baseless fabric, and is therefore subjected to far more complicated and more vio- 
lent trials than can be encountered by any structure on a firm and unyielding foundation. 

The naval architect should prepare the ship ready for the hands of .those who are 
to navigate her. It is the ship, with her masts and sails adapted for her, and her stores 
and their stowage arranged, which is required from him. That these objects may be all 
achieved, and perfect in their kind, not only would the most profound theoretic knowledge 
be required, and that too in several sciences, but there must be a vast fund of sound prac- 
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tical experience based on that theoretical knowledge. The naval architect should be not 
only a mathematician and a chemist, but he must be a thorough practical mechanic. 

A ship, whether destined for war or commerce, ought to be able to bear a certain de- 
termined lading, and be sufficiently capacious to afford ample accommodations for her crew, 
with all the contingencies involyed in the consideration of their health and comfort./^ She 
must carry the cargo with ease to herself; the artillery in a perfectly efficient state, whether 
space for working the guns, or the height of those guns above the surface of the sea, be 
considered. She must be so formed that she shall be able to make her passages with velocity 
when the wind is favourable, and contend with it advantageously when it is unfavourable* 
The ship must be capable of being worked with ease, rapidity, and certainty, however ad- 
verse the circumstances may be under which the manoeuvres are performed ; for it will some- 
times happen, that the more unfavourable the circumstances are, the more imperative is this 
necessity for success. She must have great stability, or the power of resisting inclination, and 
of restoring herself to an upright position when inclined ; and this must be sd nicely gradu- 
ated and adjusted, that the perfect safety of the vessel may be insured without any injurious 
strain being brought upon the masts or rigging by an excess of this resisting power. She must 
be able to sail oyer rough seas without any injury from the pitching or rolling motions which 
will ensue, and without the hazards to the crew, to the vessel, or to the cargo, which would 
result from a tendency to ship seas when thus situated. Her masts must be so proportioned 
that they shall be sufficiently strong, taking into consideration the support they derive from 
the rigging, to resist the strains to which they will be subjected, and that without being so 
heavy as to diminish unnecessarily the stability of the ship, or require superfluous lading from 
extra ballast. The masts must be lofty enough to spread an adequate surface of canvass to 
furnish the propelling power, and, at the same time, be so placed and so proportioned to 
each other, that this propelling power may be readily converted into a series of mutually 
counteracting or co-operating forces to insure quickness of manceuvring. The hull must 
be perfectly impervious to the water, otherwise the cargo or the stores will be subjected to 
damage, and the ship to premature decay. All the various parts must be so put together that 
the whole shall compose a structure of uniform and adequate strength, and this not only 
when the vessel is new, but for so long as the materials of which she is constructed will en- 
dure. She must be composed of such materials, and those materials must be so arranged, 
that there shall be no injurious combination inciting premature decomposition or decay. 
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One great inconvenience} ariBing from the absence of any thing like a systematical pur- 
suit of the study of naval architecture in this country, is, that there is very little tradi- 
tional knowledge as to the various attempts at improvement which have been made. This 
may perhaps be best illustrated by an example. Could it have been possible that there should 
have been an official receptacle for this traditional knowledge as early as the sixteenth cen- 
tury, the improvements in shipping, resulting from the system of diagonal trussing, would 
certainly not have been so long delayed ; for its advantages were evidently suspected even 
at so early a period as that. But for an instance which may be traced more particularly, 
and which more decidedly points out the advantage of records of experiments when ih the 
hands of persons competent to the task of judging of their importance, and of drawing in- 
struction from them, we may take an incident recorded in the historical portion of the 
article. The Romans sheathed their ships with lead, secured on the bottom by copper 
nails. In modem naval history, the Spaniards, according to Navarrete, first attempted this 
in 1514. The first ships sheathed with metal in England were those fitted out in 155S to 
discover a north-east passage to China, or, as it was then called, Cathay, and placed under 
the command of Sir Hugh Willoughby. This was the expedition in which Richard Chan- 
celor was pilot-major, and which ended in the melancholy loss of Sir Hugh Willoughby, 
and in establishing the fame of Richard Chancelor as the discoverer of Russia. Lead 
sheathing was again tried in 1671 on the Phoenix, and between that date and 1690 twenty 
ships were so sheathed. It was then discontinued; but in 1768 the Marlborough's bot- 
tom was covered with lead, which was removed after a two years' trial. There is then 
another long interval until 1833, when lead sheathing was tried on the bottom of the Suc- 
cess, in Portsmouth harbour. Now, had these various experiments been on record, with 
the reasons of their failure, those causes of failure would not in all probability have been 
repeated in each successive experiment, and certainly the lead on the bottom of the Suc- 
cess would not have been secured with iron nails. It is not improbable also that, cen- 
turies ago, some method would have been ascertained of advantageously applying that less 
costly metal, lead, to the bottoms of hulks, and all stationary vessels, and thus many hun- 
dreds of tons of copper would have been saved to the nation, by a lesson first taught by 
the copper nails in the sheathing of a Roman galley. 

Before closing these few prefatory remarks, it may be useful to state concisely the cha- 
racters of some of the principal works to which the student desirous of information on the 
subject of the theory of ships, or of the art of ship-building, may address himself. 
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The English works are few. The earliest English writer on the subject was Sir Walter 
Raleigh, who left two discourses on nautical affairs, from which some interesting extracts 
will be found in the following pages. The celebrated Samuel Pepys, who was secretary 
to the Admiralty in the reigns of .Charles 11. and of James IL, is recorded to have writ- 
ten a work entitled JrchUectura Navalis ; but the writer of this article has never been 
able to learn further of it than its bare name, nor indeed even to authenticate the fact of 
its publication. There appear to have been several works published in the early part of 
the last century, by shipwrights and mariners, in which geometry, trigonometry, mensura- 
tion, tables of squares and cubes, rules for extracting roots, gunnery, navigation, land and 
sea surveying, nautical astronomy, and ship-building, are mixed together <^ in most ad- 
mired disorder ;" but few of these are now to be met with, unless it be in the libraries of the 
curious. Among those which are occasionally to be procured, that of the earliest date is 
called the ^^ Ship-Builder's Assistant, by William Sutherland, Shipwright and Mariner." It 
contains minute details of the practice of building and ri^ng ships at that period, and 
also one of the earliest glossaries in the language of the terms of naval art. The date of 
publication is 1711. The Seaman's Dictionary, by Sir Henry Manwayring, knight, was of 
an earlier date than this, it having been published in 1670. There appear to have been three 
editions of the Ship-Builder's Assistant, therefore its fame must have been considerable. 
The same author published another somewhat similar work in 1717, under the title of the 
" Mystery of Ship-Building Unveiled." But neither of these books is at all to be compared 
to the next in the series, " A Treatise on Ship-Building and Navigation, by Mungo 
Murray," a working shipwright in the government employ. It contains short treatises of 
geometry, trigonometry, mensuration of superficies and of solids, and logarithms, an ex- 
planation of the method of laying off on the mould-loft floor, and several mechanical me- 
thods of designing the bodies of ships : to these are added, treatises on land-surveying, 
geography, and navigation ; and an appendix, containing an abridgment of the French 
works on naval architecture, by Du Hamel de Monceau, and by Bouguer. Mungo 
Murray was most undoubtedly a man of thought and ability, and his acquirements were 
very far superior to his station. Had he been advanced in the service, it is more than 
probable that his country would have had ample reason to be grateful to him for the be- 
nefits which he would then have had the power, as he certainly had the ability, to ren- 
der her. His book is one of those which our great-grandfathers apparently delighted in ; 
but after a lapse of nearly a century, though interesting, it is not a book to recommend 
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to the modem student, excepting for the translations, in the default of a knowledge of the 
French language. 

Stalkaart's work on laying oflP has been already sufficiently noticed, it being now sup- 
planted by that of Fincham at a much more moderate price. 

A Treatise on Naval Architecture, by William Hutchinson, mariner and dock-master 
at Liverpool, 1794, is the work of a very shrewd and observing man. It may be taken as a 
very fair sample of the degree of knowledge which may be attained by such a class of men, 
resulting from their long experience as seamen, but which is almost always hampered by their 
adoption of some particular views or dogmas, in order to strengthen which they are liable to 
pervert all their reasonings. As long as the works of such men are studied for the facts 
which may be recorded in them, they are valuable, because generally only such facts as 
are worthy of notice are recorded. It is a book which may be read with interest by the 
naval architect It treats also of practical navigation, and on the defence and attack of 
ships. William Hutchinson was an old privateer's man and merchant mariner. 

The Elements and Practice of Naval Architecture, by David Steel. This is a compila- 
tion by a bookseller; but it has been made with considerable ability, and he has em- 
bodied in the work a great deal of useful practical information on ship-building, and a 
very good treatise on laying-off ships on the mould-loft floor. The tables of dimensions 
and scantlings are by far the most voluminous in the language. There is also a large 
folio of plates, consisting of drawings of ships of all the classes in the royal and mercantile 
navies at the date of publication, that is, in 1805. There are several other smaller works 
compiled by or written for Steel. The Shipwright's Vade Mecum may be called an abridg- 
ment of this larger work, which is in the quarto form. He also published a valuable work, 
in two quarto volumes, on Rigging and Seamanship. In 1805, a Prospectus of an in- 
tended work on Naval Architecture, in all. its branches and ramifications, was published 
by Alexainder Mackonochie, Esq. of Baypoor, near Calicut, on the coast of Malabar ; and 
had the work itself appeared, if we may judge by the talent and research apparent in the 
Prospectus, it would probably have left nothing further to be desired, but would have 
equalled, if not excelled, any work on naval architecture that has yet been written, not 
only in England, but in Europe. The Prospectus, which consists of about fifty closely 
printed quarto pages, is of itself an admirable essay on the various subjects for inquiry 
which suggest themselves as being involved in the theory of ships, and the practice of ship- 
building, interpreting these two branches of naval architecture in their most extended sig- 
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nification. When the author of the present Treatise was editing a work called ^^ Papers on 
Naval Architecture/' he made several ineffectual attempts to ascertain the fate of the 
papers of the late Mr Mackonochie, under the hope of being able to rescue some portion, 
at least, of the works of this gentleman from the oblivion to which it is to be feared they 
are destined. 

To this list of books may be added a translation of Euler's ^^ Complete Theory of the 
Construction and Proprieties of Vessels." This may be called an abridgment of his cele- 
brated work Sdeniia Ncaxdis. The translation was made from the French, by Colonel 
Watson of the Royal Engineers. Chapman's ^^ Area of Sails" has also appeared in the 
English language, but is so very scarce that it may be said to be found only in the pages 
of the Papers on Naval Architecture, in the ninth number of which it was reprinted, in 
order to preserve so valuable a work from being utterly lost to English readers. 

The more modern works on naval architecture which have appeared in England will be 
found to be sufficiently mentioned in the foUowipg Treatise to enable the reader to form 
his own opinion as to their respective values. The same observation will apply to those 
foreign wbrks which are most worthy of the attention of the student ; and it need hardly 
be mentioned here, for the humiliating fact is sufficiently notorious, that it is to these ex- 
ternal sources that the student in naval architecture must address himself, if he intends to 
make himself fully master of all the higher questions in his profession. The following 
pages have been wfitten with the hope that they may in some measure obviate this neces- 
sity ; and although at the same time some things in them may be new, and the illustrations 
of some already established principles condensed, it cannot be supposed that so limited a 
number of pages contains sufficient to preclude the necessity of a more extended and varied 
study. The utmost that the present Treatise can pretend to, and all that the author hopes 
to have attained, is, first, that it may be considered as a synopsis to the theory and prac- 
tice of naval architecture ; and, secondly, that it may bd the means of attracting more 
attention than has hitherto been paid to this interesting and useful branch of science, so 
indispensable to the prosperity as well as renown of the. nation. 
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Introductory Observations. 

Introduo- That profound thinker, Sir Walter Raleigh, has left this 
t^Q "^ aphorism on record, " Wliosoever commands the sea com- 
^^rpC""^ roands the trade ; whosoever commands the trade of the 
o/'sir^Wftl- ^0^^^ commands the riches of the world, and consequently 
ter Raleigh,^© world itself." The time has passed by in which the 
command of the seas either can or ought to be maintained 
according to the spirit in which Sir Walter Raleigh framed 
this aphorism. Still the principle it is intended to enforce 
is as essential to the wellbeing of England now as it was 
then. We rejoice at the liberality of international commu- 
nication, and of the political relations which distinguish the 
present age. We do more ; we fervently hope that the 
same spirit may increase, even until all national distinc- 
tions and national divisions shall vanish before it. Yet we 
cannot but remember that it is with nations as with indi- 
viduals. Interests may clash, quarrels may arise, and the 
friendships and the kindly feelings of to-day may be suc- 
ceeded by the dissensions and the feuds of to-morrow ; and 
therefore, even in the midst of a peace unexampled for its 
heartiness, and for the good faiUi which apparently per- 
vades the councils of the nations of Europe, we cannot with 
wisdom neglect those means of defence which have hither- 
to preserved our land inviolate. 

The aphorism of Sir Walter Raleigh is of general ap- 
plication ; but to an insular power, and which can only be 
reckoned of secondary rank in the scale of nations, in as 
far as size and population only are involved, naval pre-emi- 
Continen- nence is essential to its independence. An eminent states- 
tal naval man hsis lately most forcibly urged upon the continental 
pohcy- nations of Europe this all-important fact, that the command 
of the seas, when vested in an insular power, gives her despo- 
tic authority over the nations of the earth, because she is 
herself invulnerable. He proceeds from this position to 
the conclusion, that the interest of Europe renders it im- 
perative, that since the sceptre of the seas is at present held 
by an insular power, it should be wrested from her grasp, 
and bestowed on another, whici), by being continental, must 
be vulnerable on her land frontier, and cannot therefore be 
despotic in her naval rule. Thus far does the continental 
writer pursue the argument, because thus far only are the 
interests of continental nations concerned ; but for us there 
is yet another induction to be made ; it is this : The same 
cause which invests an insular power with universal domi- 
nion as long as she can maintain the sovereignty of the seas, 
must divest her of all power when that sovereignty is lost ; 
she falls at once from her high pre-eminence ; first on the list 
of nations, to rank among the secondary powers ; for the 
sea, her impregnable fortress in the one case, becomes a 
barrier to her enterprise in the other. It would be no dif- 
ficult task to prove, from the history of Europe, that the in- 
fluence of England among the nations has increased or di- 
minished in proportion as her navy has been fostered or ne- 
glected. 

It is strange, that with such a tremendous stake at issue 
as national independence, it should be possible to write, and 
to write with truth, that there have been periods in our his- 
tory, during which the navy and the navd resources of this 
country have been suffered to decline. The naval sceptre 
has more than once trembled in our grasp : we trust the 
time is far distant in which we may again wield it in anger ; 
but should that time ever arrive, die struggle must be des- 
perate, because the powers of Europe have been taught that 
our naval pre-eminence places their destinies in our hands. 
In connection with the occasional neglect of her naval 



resources, is another strange anomaly, namely, that England Introdue- 
has less than any other maritime power encouraged the ap- tion. 
plication of the exact sciences to naval architecture. She ^T""*"^^*^ 
has not to this day one original truly scientific treatise on ^'"8^^"^ 

hflR TAW €\'^ 

the subject in her language ; and, passing by some few pa-,,Q acienti- 
pers and tracts of modern times, she can only cite the writ- fie treatises 
ings of uneducated and unlearned men, as Mungo Murray, on naval ar- 
Hutchinson, and Stalkart, against those of such names as the chitec*"^^. 
Bernoulfis, Euler, Chapman, Don Juan, Bouguer, Clairbois, 
Romme, and a host of others. The establishment of a school 
for naval architecture at Portsmouth has been directly and 
indirectly the means of diffusing much knowledge on this 
important subject, and the result has been a very consider- 
able improvement in our ships of war, so that latterly they 
may perhaps fairly claim equality with those of other nations. 
It is perhaps principally in her merchant-shipping that Eng- 
land now suffers from this neglect of science. 

It is a recognised principle that demand creates supply, 
and therefore we may presume that in England there has 
been no demand, such as would encourage men of science 
to furnish forth the supply. It is not irrelevant to the sub- 
ject of this article to trace out the causes which haVe ope- 
rated to this effect ; they must be made known to- be re- 
moved ; and it is in vain to urge improvement if there be 
any insuperable bar to its progress in operation. And again, 
it cannot be irrelevant, in an article on a national subject, 
and in a national work, to pursue the inquiry to its end, the 
more so as we believe the task will lead us to the conclusion, 
that, however harmless hitherto this state of apathy to im- 
provement may have been, the time has now arrived when 
its continuance will be dangerous to our naval pre-emi- 
nence ; for through it, to quote again from Sir Walter Ra- 
leigh, we may lose " the command of the trade of the world, 
the command of the riches of the world, and consequently 
of the world itself." 

The predilection for the sea, and for a seafaring life,En0i8h 
which is proverbially general throughout the population ofpredileo- 
England, may most probably be traced to an early period ^i^^ ^r <^® 
in our history, when, after the Norman conquest, for a long^^ of earyr 
period of years, both shores of the narrow seas were under °^' 
one rule, and the nobles of the land had possessions on 
either side of the Channel. This, and the constant inter- 
course kept up between England and her armies during 
the long subsequent wars, must have trained a hardy race 
of seamen, and have made passages by sea familiar to the 
entire population. The impression once given, the facili- 
ties afforded for maritime adventure, by the great compara- 
tive extent of our coast, and its numberless harbours, were 
quite sufficient to maintain it. Our insular situation will not 
alone account for our love of naval enterprise ; otherwise a 
similar predisposition would be general with the inhabitants 
of islands, whereas we find a most remarkable instance to 
the contrary in Ireland, a country possessed of even more 
maritime advantages than England ; with a more indented, 
and therefore a more favourable coast, with proportionally 
larger rivers, and with many lakes of great magnitude in the 
interior. This predilection of our population for the sea has 
hitherto enabled us most triumphantly to maintain our naval 
pre eminence, even against the known and acknowledg- 
ed advantages of superior ships ; for it is universally ad- 
mitted that the naval powers of the Continent have, through- 
out their struggles with us, been possessed of superior classes 
of vessels, in many respects, to those which we have em- 
ployed against them. 

It is a question for serious consideration, whether we are 
sure, tliroughout the future, to be able to contend with equal 
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Introdao- success should we labour under similar disadvantages ; or 
^_ ^^^'_ whether there are causes now in operation which may ren- 

''^^""der a &vourable result questionable ? 
State of the In pursuing our inquiry into the present state of the 
theory of theory of ships, and particularly as it is applied to our mer- 
^ ^ cantile navy, we shall arrive at an answer to this question. 
It certainly does not necessarily follow, that because our 
vessels of war have been inferior to those of other nations, 
our merchant-shipping should be in a similar position with 
respect to their mercantile navies. 
Loss of The merchant princes of England, with their boundless 

merclwnt- wealth, proverbial generosity, and persevering enterprise, 
defective" ™^S^^ surely have attracted the attention of men of science 
to the improvement of their argosies. That they have not 
done so is indisputable : the startling fact, that one ship and 
a half is the average daily loss registered on the books at 
Lloyd's, appears as a sad corroboration of the acknowledged 
truth, that the mercantile navy of England is the least 
speedy and the most unsafe that belongs to a civilized na- 
tion. Several causes have combined to produce this result, 
and to check any improvement in our merchant-ships. These 
it will be our object to explain. 
Reasons for During the late long war, when our fleets swept the com- 
their infe- merce of the other nations from the seas, almost the whole 
nonty. traffic of the world was in our hands, and the carrying 
trade was shared only by the Americans, their neutra- 
lity obtaining for them the same advantages that we com- 
manded by our power ; but at the peace the seas were again 
free to the ships of all nations, and that which had been for a 
long series of years almost a monopoly, was thrown open to 
competition. It might naturally be inferred that this would 
operate injuriously to us ; yet the question cannot but arise, 
why, with all the advantages of possession of the ground, 
of connection, and of stock, we have been, and still conti- 
nue to be, supplanted by other maritime nations? We 
have not only lost much of the carrying trade for foreign 
merchants, but even English merchants find it for their in- 
terest, as individuals, to employ a great proportion of foreign 
shipping, to such an extent indeed, that nearly one half of 
the commerce on our western coast is carried on in Ame- 
rican vessels. It may be urged against these statements, 
that the statistics of our mercantile navy show an increase 
in its numerical strength. This may be admitted, and the 
force of the argument remain the same ; for it is not found- 
ed on its positive increase or decrease, but on its relative 
increase compared with that of the mercantile navies of 
other nations. 
IKixiinished That there should have been a diminution in the demand 
demand for for our shipping at the conclusion of the war, is a necessary 
our ship, consequence of the many causes of the employment of ships 
which belong only to a state of war ; besides which, as in 
time of peace the delays occasioned by waiting for convoy 
are avoided, the time expended in the voyages is shorter, 
and therefore a less number of ships is required to perform 
the same quantity of work. We have, however, suffered 
more than the proportion due to these considerations, which, 
it should be remembered, must also, in a lesser degree, have 
operated to check the progress of the American mercantile 
navy ; however, it is this navy which is principally supplant- 
Caused by ing ours. We cannot evade the conclusion, that the reason 
inadequacy for this must be found in the inefficiency and inadequacy 
of our ships, ^f the ships themselves, and that the absence of all improve- 
ment in our mercantile navy has placed it in this disadvan- 
tageous position. 
Ships sail- During the war, almost the only colonial supplies which 
inu: in con- could reach the continental powers were those plundered 
^^y- by their privateers from the English merchant The only 

safety to the English merchant-ship was in sailing in large 
convoys, in which the velocity of the whole fleet was ne- 
cessarily regulated by that of the worst sailer. It was there- 
fore of far more importance to the merchant who had few 
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opportunities for adventure, to choose those ships which Introdue- 
would carry a larger quantity than those which were pos- tion^ 
sessed of a quality, velocity, of which they could not avail ^****>'^^*' 
themselves. This operated as an effectual bar to all im- Tonnage 
provement in the forms of our mercantile shipping, for it^**'^- 
caused the absurdities of the late law for tonnage to remain 
unnoticed for a series of years ; and when at length their Their injo- 
injurious tendency was perceived, it was not until they had nous ope- 
become so completely identified in men's minds with ships '*'^®°- 
themselves, that years more were suffered to elapse before 
it was clearly made manifest, that the cause of the inferiority 
of the shipping was the absurdity of the law. Years more 
must yet elapse before the mercantile navy of Britaiif can re- 
cover from the state to which these laws have reduced it. 

While English merchant-ships were restricted to sailing American 
in convoys, the neutrality of the Americans enabled their ships sailed 
vessels to sail singly, and consequently it became immedi-^^^X* 
ately desirable to attain the greatest velocity which was con- 
sistent with a due portion of the other requisite qualities for 
a merchant-ship ; there was therefore virtually a premium 
on improvement. Thus the peace found America in posses- 
sion of an immense commercial navy, which, on an ave- 
rage, could perform its passages in one third less time than 
our own ; and although this is necessarily attained by some 
sacrifice of capacity, the result has shown the sacrifice to 
have been judicious. The peace also found America in 
possession of ship-builders who had made the improvement 
of the qualities of ships their study. She therefore was not 
only in possession of a better mercantile navy, with which 
to compete with us, but she had also the vantage-ground of 
superior knowledge, and a far more extended experience, 
from which to start for the future competition. What won- 
der, then, that we have failed in the contest ? The wonder 
should rather be, that we are not wholly driven from the 
field. Similar injurious causes operated against the English 
shipping in comparison with that of several of the maritime 
powers. Convoy was no safety to their ships of traffic, since Convoy no 
their ships of war found no safety for themselves. The safety to 
only chance for escaping our cruisers lay in sailing singly, foreign 
as less likely to attract observation, and in trusting to their *^P*" 
velocity if observed ; besides which, the northern nations 
of Europe have long been possessed of a very superior class 
of mercantile shipping, the result partly of the advanced 
state of the knowledge of the science of naval architecture 
among them, and partly also of this custom of sailing singly 
on long voyages, even amidst all the dangers of war. It 
cannot be a matter of astonishment, therefore, that when 
the seas were once more open to ships of all nations, the 
foreign merchants, whom absence of commerce had impo- 
verished, should choose those which would the soonest al- 
low of a return of capital, and at the same time diminish 
the risk of its loss ; for it must be remembered, that the 
safety of a ship is not only dependent on her powers as a 
sea-boat, but is in inverse proportion to the time she is ex- 
posed to the dangers of the seas. Again, if the foreign 
merchant thus preferred the foreign ship to the British, 
surely that competition, which is the very spirit of commer- 
cial enterprise, must of necessity have impelled the British 
merchant to pursue the same course ; for it could not be a 
matter of inoifference to him whether his goods should be 
the first in the market, or should arrive when that market 
was glutted. 

The present modification of the tonnage laws is compa- Present 
ratively harmless, but tlie leaven of the old law remains, tonnage 
England possesses upwards of two millions and a half of ton«law. 
nage in inferior shipping ; and the merchant-builders of Bri- 
tsun, reared under the baneful influence of that law, are, with 
a few honourable exceptions, unequal to the task of compe- 
tition with the more educated and more practised foreigner. 
The theory of ships is, even by those who are the most in- 
structed in its principles, yet considc^^d in its infiincy ; it 
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can on]y be matured by b free and impartial encouragement 
of the application of the exact sciences to the improvement 
of naval architecture, and by the total abolition of all hiws 
which can, directly or indirectly, limit the aspirings of the 
merchant -builders of England in their competition with fo- 
reigners. 'The writer of this article believes that England 
scarcely ever committed a greater error than when she first 
determined the existence of a law for levying duties ac- 
cording to tonnage. 

We may here advert to a most striking example of the 
effects of the removal of this check, in the matchless ex- 
cellence of the yachts of England, and may therefore not 
unfairly presume, that the same skill which has already ex- 
alted one class of vessels beyond competition, might, under 
similar circumstances, attain the same comparative excel- 
lence for another, and that our mercliant-ships may yet be- 
come as unrivalled as are our yachts. Be the law of ton- 
nage founded on weight, on bulk, or on dimensions, in each 
and every case it operates as a check to the most important 
manufacture of the coimtry. There is evidently nothing so 
essential to England as that she should possess a large ma- 
ritime population ; and this can only be insured by the pre- 
ponderance of her mercantile navy, which, again, must in 
future be completely dependent on the qualities of the ships 
that compose it. 

It is obvious, that while the effects of a long, and solid, 
and, we believe, hearty peace, amongst the civilized nations 
of the world, are to increase the wealth of all other nations 
as well as our own, and with their wealth to increase their 
shipping, it becomes a serious national duty on the part of 
our rulers to frame such laws as may insure to us the van- 
tage-ground we possessed when peace enabled all alike to 
start in the race of iihprovement. That we may have free 
exercise for our skill, capital, and enterprise, we must not 
be cramped by absurd laws as to the tonnage and sailing 
regulations of our ships. These impediments should evi- 
dently be removed, in order to place us at least upon equal 
terms with our competitors. 

We do not pretend to arrogate to ourselves that com- 
mand of the seas which was intended by Sir Walter Ra- 
leigh. The days when fleets were bound to lower topsails 
at the bidding of a single pennant have, happily for the 
wellbeing of mankind, long passed away. But we do say 
that the end and object of all British policy should be to 
insure such preponderance on the seas, that if, amidst the 
changes which we almost daily see occurring, and which 
make the possible advent of war no speculative imagining, 
one should arise to plunge Europe again into strife, Eng- 
land may not be found wanting in practised seamen. This, 
we believe, can only be assured by her possessing a mercan- 
tile navy, composed of ships the good qualities of which will 
insure for them a large proportionate share of the carrying 
trade of the world. In short, we believe, tliat, to insure for 
our military navy, in times of war, successes triumphant as 
heretofore over every sea, it is essential that our mercantile 
navy should, in these times of peace, crowd every port. 

It is in order to advance this cause that we shall endea- 
vour to set in a clear point of view the several difiSculties 
which occur in the study of naval architecture ; and we feel 
no doubt whatever, that if the principles of construction 
which we shall endeavour to explain be duly attended to^ 
and the study followed up in earnest, the results will prove 
their correctness, and that the mercantile navy of England 
will become as unrivalled in its excellencies as are almost 
all the other productions of the skill, talent, and enterprise 
of this favoured land. 

JRise and Progress of Naval Architecture among the No- 
turns of Antiquity. 

In tracing the progress of naval architecture among the 
nations of antiquity, in order to connect it with its advance 



in more modem times, we shall cite the chronological di- History, 
visions adopted by that indefatigable investigator Chamock, ^T""^'^^!^ 
in his valuable History of Marine Architecture, because^ "?^ .* 
they present a very succinct idea of the probable rise, pro-CTl^vi-^' 
gress, decline, and revival of the art, and therefore offer agions. 
valuable guide for investigation. It would not be consist- 
ent with the purpose of this article to enter into the detail 
that would be necessary to ascertain the state of naval ar- 
chitecture during the periods embraced in each of the sec- 
tions he has assigned to this subject. We shall confine our- 
selves to the statement of some few facts, collected from 
various authors, in illustration of the probable size and na- 
ture of the shipping of the ancient world. We shall also 
endeavour to trace what little is known of the rude vessels 
which, during the darkness of the middle ages, bore the 
marauders ot the northern nations on their predatory ex- 
cursions ; in which they carried desolation and misery 
throughout the coasts of Europe, and, while they rooted out 
the last relics of ancient civilization, laid the foundations of 
empires which were destined, in their turn, to civilize the 
world. With Cliamock's sixth section, inclusive perhaps 
of some few years at the close of his fifth, the naval history 
of Britain commences ; and during the period embraced 
between that date and the present time we must gradually 
become more diffuse in our detail. 

Charnock divides maritime history into seven sections. 
The first comprehends the time previous to the foundation 
of Rome, until which, he says, all history is founded on sur- 
mise. The second section comprises a period somewhat 
less obscure, in which the collateral testimony of various 
authors may be examined and compared ; and therefore there 
certainly anpears less difficulty in ascertaining facts. It ex- 
tends from ihe foundation of Rome to the destruction of 
her rival Carthage. The termination of the third is at the 
conversion of the republic into an empire, an era when the 
want of naval enemies to contend with rendered Uie main- 
tenance of a fleet, as connected with the prosperity and 
safety of the state, a consideration not only of secondary, 
but immaterial consequence. The death of Charlemagne 
ends the fourth epoch. The fifth extends from this period 
to the discovery of the mariner's compass. The sixth ends 
with the discovery of cannon ; and their adaptation to naval 
warfare commences the seventh epoch. 

It will avoid much useless repetition if we premise our Ancient 
investigations on the state of ship-building among the na- shipping 
tions of antiquity, by the observation that their fleets, whe- P™>*^P*llf 
ther for war or for commerce, appear to have consisted al- F^^flr 
most entirely of vessels whose principal mode of propulsion ^ 
was by the use of oars. It would be foreign to the object of 
the present article to enter into the useless and perplexing, 
though most enticing question, as to how those oars were 
applied in the trireme, quadrireme, and quinquireme, nay, on 
the authority of Plutarch, even to the extent of fifly distinct 
banks of oars. It is possible to conceive many methods in 
which the benches of the biremes, and even of the tri- 
remes, may have been disposed, which would enable the 
oars to be plied with ease and advantage. But Uie vast 
combination implied by the fifly banks of the galley of Pto- 
lemy Philopater has as yet received no solution, unless it 
may be that suggested by Mr Holwell in his Essay on the 
War Galleys of the Ancients, which we shall therefore, in 
the absence of all certain data, adopt. He imagines that the 
banks of oars must have been arranged obliquely up the 
sides of the vessel, as many oars in each bank as would ad- 
mit of the highest being rowed with facility ; then each ad- 
ditional bank would only require additional length in the 
vessel. Thus the galley of Ptolemy Philadelphus might 
have had forty, and tiiat of Ptolemy Philopater fifly, of these 
oblique ascents of oars, and yet need not necessarily have 
been higher out of the water than the ordinary quinquireme. 
It sliould be stated, that the triremes seem to have been the 
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History, limit of practical utility in tlie disposition of the oars, as 
"■""v^*^ they appear to have been most usually adopted for the pur- 
poses of war. 

In tracing the records of the sizes of vessels, we find, 
on the authority of Thucydides, that the Grecian flotilla, at 
the siege of Troy, about 1184 years b. c, consisted of 1200 
vessels, the largest of which contained not more than 120, 
the least fifty people. He also expressly says that they 
were witliout decks. These were therefore mere open row- 
boats or canoes. 

A great improvement on these must have been made in 
the fleets of the Corcyrians and Corinthians, between whom 
took place the first naval battle on record, and which oc- 
curred about 650 years before Christ ; because at that time 
it appears the arrangement of the oars in banks had been 
introduced. 
Sails evi- We may perhaps infer, firom a statement made by Thu- 
dently little cydides, that these vessels were not adapted for carrying 
used. any large portion of sails, as they evidently had little if any 

ballast. He says (book i. chap. 50), *< The Corinthians, 
when their enemies fled, staid not to fasten the hulls of the 
galleys they had sunk unto their own galleys, that so they 
might tow them after, but made after the men, rowing up 
and down to kill rather than to take alive." The vessels 
spoken of as sunk were evidently merely stove in and wa- 
ter-logged. 
Inventors Herodotus, Thucydides, and Diodorus agree that Ami- 
of the tri- nodes, the " shipwright of Corinth," was the inventor of 
remes and ^^^ trireme, about forty years previous to this battle. The 
remes*"' invention of the quinquireme is generally attributed to the 

Carthaginians. 
Salamia. At the battle of Salamis, 480 years B. c, on the autho- 

rity of Plutarch, the largest Grecian vessels carried only 
eighteen soldiers, exclusive of the rowers, and those em- 
Fleet of ployed in manoeuvring the vessels. In the fleet of Mar- 
Mardonius. donius, crowded as it must have been by a force collected 
for the purpose of invasion, we find that, on a comparison 
of the number of ships lost by tempest and the number of 
men drowned, the average is only sixty-six men to each ves- 
sel. This fleet consisted of 1200 galleys, and 2000 hulks 
(oXxadig) of the " round manner of building." 

The whole of the Grecian vessels appear to have been 
only half-decked ; the soldiers were stationed on platforms 
at each extremity, the middle or waist being lefl open for 
the rowers. Cimon, the celebrated Athenian commander, 
was apparently the first to join these two platforms with an 
intermediate flat, and thus to form a perfect deck, for the 
purpose of opposing a stronger armed force to the Persians. 
Decks in- This innovation took place preparatory to the battle of £u- 
troduced rymedon, b. c. 470. These decks were hatches to be re- 
by Cimon, njQyg^ at pleasure. The ouinquiremes appear afterwards 
to have been always thus fitted, the quadriremes and bi- 
remes only occasionally ; and all below these in size were 
open boats. 
Ships of From the rapid preparation of armaments of most impos- 
■light build, ing force, in as far as numbers of shipping are concerned, 
and also from the fact of the ease with which the vessels 
were transported by land, we must infer that they were of 
but small dimensions, and of very fragile construction ; and 
though occasionally we find that fabrics of large size were 
constructed, it was evidently, from the gorgeous descriptions 
which remain of them, more out of ostentation than from 
any anticipation of their utility. 
Fleet of The vessels composing the fleet of Alexander the Great 
liearchus. in his Indian expedition, and in which Nearchus performed 
his celebrated voyage, were row-galleys of such moderate 
dimensions that, in the course of the voyage, they were fre- 
quently hauled on shore ; and although we find, by collat- 
ing the number of vessels and the number of men compos- 
ing the expedition, that there could not have been more 
than fifty or sixty men on board each vessel, tlieir accom- 
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modations were so poor that the journal takes notice of the History, 
inconvenience experienced by the ci;ew8 from being obliged ^— r^"*^ 
to remain for two consecutive nights on board. Purchas 
gives the detail of this voyage of Nearchus, on the autho- 
rity of Arianus, lib. viii. 

To pass to the Carthaginians, a people of great commer- Cartbogi. 
cial enterprise and importance, and who inherited their nau- niana. 
tical knowledge from their progenitors the Phoenicians, of 
whose commercial wealth history, both sacred and profane, 
gives repeated evidence : Ezekiel (chap, xxvii.) says of Tyre, 
It is situated at the entry of the sea, is a merchant for many 
isles ; its ship-boards are of fir-trees of Senir, their masts oif 
cedars, their oars of oak of Bashan, their benches of ivory, 
their sails of fine embroidered linen. We find that the Voya^ ot 
Carthaginians must at a very early period of their history Hanuo. 
have possessed vessels of considerable magnitude ; for in 
the journal of the much though unjustly disputed voyage of 
Hanno, which Clark, in his History of Maritime Discovery, 
places at 350 b. c, but which by some historians is said 
to have taken place as early as 1000 b. c, sixty ships afford- 
ed accommodation for 30,000 souls, including women and 
children, and this, too, with all the stores and requisites for 
colonization, which was die main purport of the enterprise. 
The little we know of the -Carthaginians, "we know through 
their implacable foes the Romans ; and as the Roman fleets 
were biult after a Carthaginian model, we may pass on to 
investigate the few certain particulars we can collect of the 
Roman shipping ; though, in doing so, we must not assume 
that we are in possession of the extent of the state of naval 
science among the Carthaginians. All that the Romans 
adopted from them was their war-galley. Their commerce, 
and consequently their commercial vessels, were alike de- 
spised by this predatory state, which then lived almost solely 
by the sword. 

Charnock, on the authority of Meibomius, has given the Roman 
following as the dimensions of the Roman trireme andihippiug* 
quadrireme. The triremes were 105 feet long and eleven 
feet broad. The quadriremes were 125feet long and thirteen 
feet broad. The triremes, after the time of Julius Caesar, 
were ninety feet long and ten feet broad. These dimen- 
sions have a much greater comparative length to breadth 
than the proportions adopted for the Neapolitan and Maltese 
galleys of more modem times. In them the length seldom 
exceeded seven breadths. According to Vossius, who is also 
one of the most voluminous writers on the subject of the 
shipping of the ancients, these Neapolitan galleys were ca- 
pable of performing voyages by the oar of sixty leagues in 
twenty-four hours ; and the distance firom Naples to Paler- 
mo has been performed in seventeen hours. 

Caesar himself gives us a good criterion of the size of the Cesar's ac- 
Roman vessels employed by him in the invasion of Britain ; count of the 
for he says that they were so large that they could not"*®o^«kiP^ 
approach near enough to the shore for the soldiers to dis- 
embark, but that they were obliged, encumbered as they 
were with their arms, to jump into the water, which was 
breast high ; and that at last the galleys were ordered in be- 
tween these larger vessels and the shore, to protect the dis- 
embarkation. 

When we consider the dimensions above quoted for the First Ro. 
Roman navy, it does not appear that there is necessarily man fleet, 
much exaggeration in the acoxmts given of the wonderftil 
exeitions made by that people to prepare their first mari- 
time force. Sixty days after the axe was laid to the root of 
the tree, 160 galleys according to some accounts, 100 quin- 
quiremes and twenty biremes according to others, rode at 
anchor in the sea ; the quinquiremes each manned by 300 
rowers and 200 soldiers. Polybius states the Roman fleet 
at the time of the first Punic war to have consisted of 330 
ships, each containing 300 rowers and 120 soldiers. If we 
compare the small number of vessels which the might of 
Rome put forth at tliis time, when her very existence de- 
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History, pended upon tbe success of her naval exertions, and then 
^"■"V'**' contemplate the enormous numerical force of the fleets of 
the petty Grecian states, we may form a very correct judg- 
ment of the necessarily comparative insignificance of the 
vessels which composed these more early navies. 

The Roman ships were divided into three classes: the 
naves hngsd, or ships of war ; the naves onerarics^ or ships 
of burthen ; and the naves lihurruB^ which were ships built 
expressly for great velocity, and may be supposed to have 
been used as despatch-boats, and for making passages with 
important personages. There is repeated evidence to prove 
that these vessels were invariably built of pine, cedar, or 
other light woods, excepting about the bows, which were of 
oak, strongly clamped and strengthened with iron or brass, 
in order to withstand the shock of opposing vessels ; the 
tactics being comprised in the attempt to sink or damage 
the enemy's vessel, by violently propelling this armed bow 
against the weaker broadside of the enemy, or else endea- 
vouring to break and cripple the oars. Oak was first ap- 
plied to ship-building by the Veneti. This we have on the 
testimony of Caesar in his treatise De Bdlo Gallico, lib. iii. 
cap. 13. Copper or brass was introduced for fastenings, in 
consequence of the quick corrosion of the iron, about the 
time of Nero. This is stated^on the authority of Vegetius, 
and also of Athensus ; andnPliny mentions tliat flax was 
used for the purpose of caulking the seams of the plank. 

The following quotation is from Locke's History of Navi- 
gation : *' Sheathing of ships is a thing in appearance so 
absolutely new, that scarce any will doubt to assert it alto- 
gether a modern invention ; yet how vain this notion is, will 
soon appear. Leo Baptisti Alberti, in his book of Archi- 
tecture (lib. V. cap. 12), has these words : But Trajan's ship 
weighed out of the lake of Riccia at this time, while I was 
compihng this work, where it had lain sunk and neglected 
for above thirteen hundred years ; I observed that the pine 
and cypress of it had lasted most remarkably. On the out- 
side it was built with double planks, daubed ov^r with 
Greek pitch, caulked with linen rags ; and over all a sheet 
of lead fastened on with little copper nails. Raphael Vo- 
laterranus, in his Geography, says this ship was weighed by 
the order of Cardinal Prospero Colonna. Here we have 
caulking and sheathing together, above sixteen hundred 
years ago ; for I suppose no man can doubt that the sheet 
of lead nailed over the outside with copper nails was sheath- 
ing, and that in great perfection, the copper nails being used 
raUier than iron, which, when once rusted in the water, 
with the working of the ship, soon lose their hold and drop 
out." 

Slight as this sketch may appear of the navies of antiqui- 
ty, it embraces an outline gf almost all that has descended 
to our times. No portion of ancient history is so imperfect 
as that which relates to the shipping, and in none necessa- 
rily has the historian derived less aid from remains. Even 
the monumental records here fail him, as the prow alone is 
sculptured on them. 

Progress of Naval Architecture from the Downfall of Rome 
to the present Time. 

MMdle During the many centuries of utter stagnation in all im- 

ages, provement which succeeded the downfall of ancient civili- 

zation, it would appear vain to seek for records of the pro- 
gress in naval architecture. *' These were times," says 
Ryraer, in the dedication of the third volume of the Fcedera, 
<< of great struggle and disorder, all Europe over, and the 
darkest period of times." Although it may be useless to 
search for records of the improvement of the means of na- 
vigation during these ages, when thought appears to have 
been banished from the earth,, and action to have been the 
only object of man's life, we may undoubtedly expect tliat, 
in tbe countries bordering on the seas, the spirit of naval 



enterprise would be peculiarly fostered, as congenial to man's History, 
habits, or essential to his preservation, during a period of '^—■v-*-^ 
universal aggression, confusion, and migration. The north- Northern 
em regions of the earth, regions which the civilization of"*^on«. 
the south had deemed uncongenial to ms^i and unfit for his 
habitation, appear to have teemed, in all their wild and far- 
spreading districts, with a hardy and an adventurous popu- 
lation, horde after horde of whom poured down from the 
north-east in irresistible might, and spread desolation and 
misery throughout Southern and Western Europe; while 
from the north-west the same wide-spreading desolation 
swept away all trace of the incipient civilization of Britain 
and of Gaul. Every sea was ploughed by the fragile barks 
of the Scandinavian adventurers, and every shore was de- 
vastated by their incursions. Denmark, Norway, and Swe- 
den sent their hardy sons to the coasts of the German 
Ocean, the Channel, the Bay of Biscay, and even to the 
Mediterranean on the west; while the barbarians of the Scla- 
vonian nations poured down through the Danube and the 
Bor)^sthenes on the east of Europe, the population of which, 
rendered feeble by the divisions and dissensions attendant 
upon the breaking up of the gigantic power of Rome, and 
enervated by the Sybarite civilization of the latter days of 
that empire, perished beneath the arms or bent to the yoke 
of the hardy progeny of the north. The Saracens wrested 
from the descendants of the Caesars the remnant which the 
Gotli and Hun had spared ; and Europe became repeopled 
throughout its limits with a young, a vigorous, and an enter- 
prising population, while the maritime provinces had gene- 
rally been the spoil of tribes inured to the dangers and de- 
lighting in the excitement of maritime adventure. 

We cannot but be astonished at the indomitable gphit of Their cn- 
enterprise which characterized these rude times. But that, *«rpriae, 
perhaps, which is the most extraordinary feature of the 
daring that distinguished this period, is to be traced by 
the results of its naval expeditions, which could not be be- 
lieved, had they not been established on the most unques- 
tionable evidence ; and the whole history of the middle ages, 
with their revolutions, may be cited in corroboration of 
them. Still they had such important influence on the state 
of Western Europe, that, judging of causes by their eficcts^ 
there must ever remain a doubt of our being in possession 
of correct information as to the means by which the results 
we speak of were accomplished. It is not difficult to sup- 
pose adventurous men trusting themselves to the mercies of 
the winds and the waves, and- leaving the sterile north to 
plunder and colonize more favoured climates, of the exists* 
ence of which their traditions might Inform them. But this 
is not all : there is ample evidence to prove a recurrence 
of such enterprising voyages, their successful achievement, 
and the safe return of the adventurers, not only to Nor- 
way and the main land, but to Iceland ; a remote spot, which 
might be left, but certainly could not be again repeatedly 
attained without more knowledge than we are willing to 
concede to so remote a period. 

The navigator of the present day, accustomed to rely on Their com 
the almost infallible aid of the compass, the chronometer, paraiive 
and the sextant, would pause ere he dared to commit him-*^®^^^*^*» 
self to the boundless expanse of ocean, with no more siure 
pilotage over its trackless waters than he might chance to 
find ^m the appearance of the sun or stars and the flight 
of birds. And yet we have no record that these Scandina* 
vian sea-kings knew of more certain guides than the sun 
by day, the stars by night, and such further aid as per- 
chance might be wrested to their purpose, firom the varied 
phenomena of nature ; phenomena which may now be un- 
observed, because not needed. 

We read in Purchas's Pilgrims the foUowing account of Voyage <rf 
the voyage of Floke, a Norwegian pirate, made in the early Floke. 
part of the tenth century, from Shetland to Iceland ; which 
he gives on the authority of Arugrim Jonas^ an Icelandic 
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historian. '< There was yet no use of the marinrs compasse, 
wherefore Fioco leaving Hietlandia, tooke certayne ravens 
unto him ; and when hee thought hee had sayled a great 
way» he sent forth one raven, which flying aloft, went backe 
againe to Hietlandia, which she saw behind. Whereupon 
Floco perceiving that he was yet neerer to Heitlandia then 
other countryes, and therefore couragiously going forward, 
he sent forth another raven, which, because she could see no 
land, neither before nor behind, light unto the ship again. 
But, lastly, the third raven was sent forth by Floco, and hav- 
ing for the most part performed his voyage, through the 
fiharpnesse of her quicke sight attayned the land, she speedily 
flew thither, whose direction Floco following, beheld first 
the eastern side of the iland." 

The vessels of the Saxon marauders are described by 
Chamock in the following terms : ** The keel of their large 
flat-bottomed boats was framed of light timber, but the sides 
and upper works consisted only of wicker, with a covering 
of strong hides. The Saxon boats drew so little water, that 
they could easily proceed four score or an hundred miles 
up die great rivers ; the weight was so inconsiderable, that 
they were transported on waggons from one river to another ; 
and the pirates who had entered the mouth of the Seine 
or the Rhine might descend with the rapid stream of the 
Rhone into the Mediterranean." 

This description of the skin-covered boats of the north- 
em seas is founded on testimony which cannot be disputed. 
And, if they were used by the Northmen on their longer 
voyages, it was probably when they purposed incursions 
into the interior of the countries they were about to devas- 
tate ; but that they must have had another and a far superior 
description of vessel, there can be no reason to doubt. 

The investigations of the Royal Society of Northern An- 
tiquarians at Copenhagen have thrown considerable light 
on the subject of this early navigation, and of the disco- 
veries of the Scandinavians in the west ; and we can no 
longer suppose that it was in these coracles that frequent 
voyages were made to Newfoundland, and colonies establish- 
ed there, which it appears proved that there were even as 
early as the tenth century. But to recur to evidence which 
is familiar to us. We have the description given by Cffisar 
of the ships of the Gaulish Veneti. " Their bottoms were 
somewhat flatter than ours, their prows were very high and 
erect, as likewise their sterns, to bear the hugeness of the 
billows and the violence of the tempests. The body of the 
vessel was entirely of oak. The benches of the rowers were 
made of strong beams about a foot in breadth, and fastened 
with iron nails an inch thick. Instead of cables, they se- 
cured their anchors with chains of iron ; and made use of 
skins and a sort of thin pliant leather, by way of sails, pro- 
bably because they imagined that canvass sails were not so 
proper to bear the violence of tempests, the rage and fury 
of the winds, and to govern ships of that bulk and burthen. 

Neither could our ships injure them with their beaks, 

so great was their strength and firmness, nor could we easily 
throw our darts, because of their height above us, which 
also was the reason that we found it extremely difficult to 
grapple the enemy and bring them to close fight" And 
again, speaking of the manner in which these ships were 
eventually taken possession of: <' They," the Romans, 
'* had provided themselves with long poles, armed with long 
scythes ; with these they laid hold of the enemies' tackle, 
and drawing off the galley by the extreme force of oars, cut 
asunder the ropes that fastened the sailyards to the masts ; 
these giving way, the sailyards came down, insomuch that 
as all the hopes and expectations of the Gauls depended en- 
tirely on their sails and rigging, by depriving them of this 
resource we at the same time rendered their vessels wholly 
unserviceable." 

The account proceeds to state, that many attempted to 
escape from this unforeseen means of aggression ; but that 



the wind falling, and a perfect calm cottting on, they were ffistory. 
obliged to remain inactive on the water, and were taken '^^^^V^* 
possession of, one afler the other, by the simultaneous at- 
tack of several Roman galleys. It would appear from this 
that they were vessels only intended for sailing, and that 
since oars were used, from the mention made of seats for Uie 
rowers, they could have been as very partial accessories to 
the sails, or probably even only for steering. Another fact 
is mentionea by Caesar, that the Veneti sailed from their 
port to meet the Roman fleet, and several of the vessels 
escaped to their port from the fleet. This, though not con- 
clusive of the fact of sailing on a wind, is worthy of notice. 

It is probable that it was ships such as these which brought HenffUt 
Hengist and Horsa to England about tlie middle of the fifUiu^d Ctoi 
century, since it is recorded that their force, which con- 
sisted of 1500 men, found accommodation in only three ves- 
sels. It is hardly to be imagined that the coracles or skin- 
boats of the northern nations were ever of sufficient dimen- 
sions to accommodate a force of 500 men, with arms and 
means of active aggression. 

In the course of little more than a century from the first Danish in* 
invasion of Hengist and Horsa, England became quietly vasiona. 
subject to Saxon rule ; and the prosperity incidental to a 
state of peace made her again a fit object of prey to new 
hordes of northern pirates, the Danes. But it is useless 
to dwell long on these times of historical doubt and inai>- 
curacy. In the words of Milton, " These bickerings to re- 
cord, what more worth is it than to chronicle the wars of 
kites or crows, flocking and fighting in the air." 

At length order once more asserted her right to control Dawn of 
men's actions, and out of order the arts and wants of civi- civilization, 
lization began again to dawn in the newly-formed states 
which had arisen from the wreck of the empires of anti- 
quity. Man then saw that peace ministered to his com- 
fort, and he turned his thoughts to commerce rather than 
to the sword, as a means of gratifying his newly-acquired 
cravings. Thus a long period did not elapse before those 
seas, which had for centuries been tracked only by the bark 
of the lawless marauder, bore on their surface the well« 
freighted crafl of the peaceful and industrious merchant. 

The earlier irruptions of the northern barbarians into Rise of 
Italy had desolated the Roman province of Venetia, and Venice, 
driven a remnant of its inhabitants to the refuge afforded 
by the small marshy islands at the extremity of the Adri- 
atic. There they are described by Cassiodorus, who assi- 
milates them to water-fowl, as subsisting on fish, and steep- 
ed in poverty, their only manufacture and their only com- 
merce being salt. From such humble beginnings arose 
the state destined to connect the old world with the new, 
and to lead the van of modem commercial and maritime 
enterprise. The mercantile prosperity of Venice diffused 
its influence throughout the shores of the Mediterranean, 
which thus became once again the nursery of civilization. 
For many centuries Venice was the great school for the arts 
connected with navigation, and her shipwrights and seamen 
were long the most instructed in Europe. While the north- 
ern seas were navigated by the Scandinavian sea-kings, in 
their rude and frail boats, in quest of plunder or of a home, 
ships floated on the waters of the Mediterranean bearing 
the banner of St Mark, which, it is said, were, even as early 
as the tenth century, of the burthen of 1200 up to 2000 
tons. The vessels, however, generally adopted by the Medi- 
terranean states, were either copies or modifications of the 
ancient galley. 

It is a fact worth notice, that while the continuation of the Mediterra- 
use of this species of vessel in the comparatively tranquil wa-^^^^S^^y* 
ters of the Mediterranean fostered the arts of commerce and 
navigation, its introduction into the northern seas, to which 
it was ill adapted, appears to have checked, in a most re- 
markable degree, the maritime enterprise which had hither- 
to so pharacterized the population of their coasts. It is 
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History, even probable that the barrier thus opposed to commerce 
^"-'"^«''^**' entailed on the states of Northern and Western Europe cen- 
turies of comparative barbarism. Yet this was effected for 
a wise purpose, by one of the greatest ornaments of the 
middle ages, Alfred the Great. 
Alfred. Alfred was the first ruler of England who clearly under- 

stood that the policy of Britain was rather to prevent than 
to resist invasion ; and the by«gone history of his country 
told him plainly that its military strength was not only in- 
su£Bcient to awe invaders from its shores, but that all the 
military resources at his command were inadequate to pre- 
serve the liberties of his people. He therefore turned the 
energies of his mighty mind to the task of creating a naval 
force, which should be more powerful than that of his 
untiring persecutors the Danes. In this we find that he 
succeeded ; and at length, under the protection of the fleets 
which his genius had created, he was enabled to estab- 
lish that frame-work of internal policy and government, 
from the wisdom of which England has even to this day 
benefited. It is historically certain that Alfred himself 
superintended the formation of his fleet, and that he gave 
the design of vessels to be superior to those of the Danes. 

His ships. We fold that these vessels were galleys, generally row- 
ed with forty oars, some even with sixty, on each side ; and 
that they were twice as long, deeper, nimbler, and less 
« wavy" or rolling, than the ships of the Danes. The in- 
formation on this subject is obtained by Selden, from a 
Saxon chronicle of the time of Alfred, which is in the Cot- 
tonian Library. 

Reasons for It should be remembered, that when Alfred thus intro- 

dn*!Jfiin*'^ duced the Mediterranean galley into these northern seas, 
nn jon- ^^.^ objcct was uot so^much to form a vessel adapted for the 
purpose of navigating those seas, as to obtain one which 
would afford space for a large force of fighting men. For 
this the galley was admirably qualified ; and indeed it main- 
tained its place as the appropriate ship for the purposes of 
war, until the invention of cannon rendered other arrange- 
ments necessary. 

The immunity which it insured from the attacks of the 
Danish marauders, caused its general adoption along the 
coasts hitherto open to their incursions, on all of which 'it 
thus superseded the sailing vessels that we have already 
described ; and we shall find that voyages which, until its 
introduction, were boldly and successfully achieved, be- 
came of rare occurrence and of hazardous issue during the 
subsequent ages, until the galleys once again gave place to 
sailing vessels. It also gradually checked the enterprise 
of the Northmen, by the curb which it placed upon their 
successes. 

Saxon role. Jt is not our purpose to give more than a slight sketch of 
the naval history of Britain through the line of her Saxon 
princes ; for we can discover little data on which to found 
any speculation even, as to the progress of naval architec- 
ture during these ages. We know that the galley of the 
Mediterraneui continued to be used for the defence of the 
coasts; and the policy of Alfred appears to have been well 
understood by many of his successors, — that England only 
enjoyed peace from invasion when her fleets were power- 
ful enough to repel it from her shores. We are also led 
to suppose that the use of sailing vessels was not wholly 
abandoned ; for in the reign of Athelstan, the third in de- 
scent from Alfred, as we read in Hackluyt, it was decreed, 
that ** if a marchant so thrived, that he passed thrise over 
the wide seas of his owne crafl, he was thenceforth a Thein's 
right worthie." 

Mercantile This establishes two rather interesting facts : one is, that 

shipping, nt gQ gn^jy ^ period of our history there were merchants of 
importance enough to engage in such a traffic ; and the other 
is, that from the richness of the reward held out to success- 
ful enterprise, we are enabled to estimate the difficulty of 
the task assigned. We may assume that these long voy- 
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ages were made in ships more adapted for the purpose than History, 
pilleys ; in fact, in the vessels which the galleys had been '^^^y^ 
intended to supersede. But the spirit of maritime enter- I^^clme of 
prise had, as we have said, evidently received a check, since ^p^^"' 
we see that one of the highest rewards in the power of the 
monarch to bestow was held out to the merchant, as an in- 
citement to an adventure, which tlie vague hope of plunder 
would alone have been sufficient to induce that merchant's 
progenitors to attempt, and successfully perform. How- 
ever, it is probable that at no time was the art of navigat- 
ing vessels, which depended principally, although perhaps 
not wholly, upon their wis, lost in the northern seas. 
Gibbon says, that at the early crusades the vessels of the 
" Northmanni et Gothi" (the Norwegians and Danes) dif- 
fered from those of the other powers, among all of whom 
the ships partook of the character of the Mediterranean 
galley. These northern crusaders are described by him as 
navigating ** na'Mus rotundiSf that is to say, sliips infinitely 
shorter in proportion to their length than galleys." This 
was not later than the beginning of the twelflh century, 
and therefore not so far removed from the periods in ques- 
tion as to render the inference we wish to deduce from it 
erroneous, particularly when referring to times of such slow 
improvement as the middle ages. 

The *' might/* fleets maintained by Edgar afford no in- Edgar, 
formation on the subject of this article, excepting that the 
facts connected with that monarch's annual circumnaviga- 
tion of his territories prove them to have consisted of row- 
galleys. They mu&t however have formed comparatively a 
** mighty" fleet; for, from a grant of land made by Edgar to 
Worcester cathedral, we find that he assumed to himself 
the title of " Supreme Lord and Governor of the Ocean ly- 
ing round about Britain." That they were but of slight 
construction, we may infer from the low state of the navy 
so shortly afler the death of Edgar as the reign of Ethelred, Ethelred* 
who,, in order to re-establish it, instituted a regular tax for 
providing and maintaining a navy. It was enacted, ac- 
cording to Selden, that whoever possessed ** 310 hides of 
land, was charged with the building of one ship or galley; . 
and owners of more or less hides, or part of one hide, were 
rated proportionately ;" the hide being, according to the 
best authorities, as much ground as a man could turn up 
with one plough in a year. But this tax appears to have 
been inadequate to the purpose of providing a sufficient 
fleet, for all the exertions of Ethelred could not preserve 
Britain from again being ravaged by the Danes ; and we 
find, that afler the short reign of his son Edmund Ironsides, 
England was ruled by Danish monarchs. From the known Canute, 
talent of Canute, the first of these princes, and from the 
crowns of Denmark, Norway, and Britain being united in 
his person, we may presume that the naval affairs of Eng- 
land were not suffered to retrograde. We have indeed a re- 
cord of their advance during this second Danish rule. We 
may also infer it from the present which was made by Earl 
Godwin to Hardicanute, the third Danish sovereign, of a 
galley, sumptuously gilt, and rowed by fourscore men, each 
of whom wore on his arm a bracelet of gold weighing six- 
teen ounces ; not that the mere gorgeousness of tlie gift 
would prove any advance in the art of ship-building, but we 
may suppose, from its nature, that naval affairs found favour 
in die sight of this monarch. Of this we have also other 
historical evidence, as Hardicanute raised eleven thousand 
and forty^eight pounds, in the first two years of his reign, 
for the purpose of building thirty-two ships ; and the taxes 
he levied for the support of his navy were so grievous that, 
Florentius says, scarcely any roan was able to pay them. 

The marine of England seems to have been maintained Norman 
on a comparatively powerful footing up to the period of theconquest, 
Norman conquest; and from the naval resources at the 
command of Harold the Saxon, in comparison with the in- 
significance of the shipping which brought William and hia 
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Normans across the channel, there can be no doubt that 
had Harold relied upon his naval strength, the conquest of 
England would nevet have been achieved. But, by some 
fatality, his fleet, which had been long stationed off the Isle 
of Wight, was dispersed, in consequence of a report that 
William had abandoned his enterprise. 

The flotilla of William the Conqueror is variously stated; 
by some at 900, by others at 3000 vessels. In eitiier number 
we have a scale to estimate their insignificance, as the in- 
vading force consisted of about 60,000 troops, which would 
give in the one case about sixty-six men to each vessel, in 
the other twenty men only. Plate CCCCXLV. figs. I and 2. 

The conquest of England being completed, the shores on 
either side of the narrow seas between England and Nor- 
mandy were under the same rule. William therefore claim- 
ed sovereignty over them, which right was maintained by 
his successors. There can be no doubt that the constant 
intercourse between the two portions of the empire, which 
continued throughout the Norman sway, and indeed for a 
period of upwards of three centuries, must have done much 
towards fostering a maritime spirit among the population of 
England, and accustoming it to consider that tame and for- 
tune were the rewards of nautical adventure. 

We have but slight evidence as to the state of naval ar- 
chitecture during the early period subsequent to the con- 
quest. There are a few facts scattered among the records 
of these times, which may enable us to draw some vague 
conclusions as to the probable size and nature of the vessels 
used. When Prince William, son to Henry I., was drown- 
ed, by the loss of the vessel in which he was crossing from 
France to England, it is recorded that three hundred souls' 
perished with him. As of this number a large portion, his- 
torians say one hundred and forty, were men of rank, and 
as there were many ladies, since the prince was accom- 
panied by his sister, the ressel must have been of consi- 
derable burthen. A similar event, namely, a' shipwreck, 
that occurred during tlie reign of Henry II., by which near- 
ly tlie same number of persons perished, tends to prove that 
such was about the extent of the accommodation afforded 
by the shipping of this period. Galleys still continued to 
be used for the piu-poses of war; but as commerce began to 
be extended, it became necessary to recur to the use of 
sails, and we find that they were therefore gradually re- 
covering their importance, and superseding oars. Indeed 
it is dJEcult to conceive commerce to be profitably en- 
gaged in, attended with the immense expense of the crews 
necessary to propel the larger galleys. We should ima- 
gine that this had an important influence in the improve- 
ment of navigation and of naval architecture, for the com- 
mercial intercourse between the portions of the empire on 
either side of the channel must have been considerable. 
There is constant reference in the early chronicles to the 
great extent of the wine trade, and of the commerce in 
wool and woollen cloths. 

The introduction of vessels propelled by sails for the pur- 
poses of commerce would necessarily cause a change in the 
constitution of the fleets assembled for the services of war ; . 
and this we find to have been the case. 

The expedition of Richard Cceur de Lion, in 1 190, to join 
the crusade to the Holy Land, consisted of nine ships which 
are described as being of extraordinary size, 150 others of 
inferior dimensions, and only thirty-eight galleys. After the 
reduction of Cyprus, and the addition of the vessels captured 
there, with others which he had hired at Marseilles and in 
Sicily, his armament consisted of 254 ^ tall shippes, and 
about three score galliots." The increase was, therefore, 
almost wholly in the ships. This, together with the record- 
ed fact, that he captured a Saracenic vessel of such size as 
to be capable of containing 1500 Saracens, and a large 
quantity of military stores, destined for the relief of Achon, 
tends to prove that the progress of naval architecture un- 



der the influence of the commercial powers of the Mediter- History, 
ranean, had been more rapid than in these northern seas, ^'•^n^^—^ 
where the commerce was much more confined in its na- 
ture, and the nations bordering on which were in constant 
warfare with each other. 

The Norman monarchs appear to have been very tena- Sovereign* 
cious of their claim to the sovereignty of the narrow s^as ;*y of" the 
and not only their claim, but their power to maintain their**®**' 
right, is admitted by the French historians. The Pere 
Daniel sanctions the claim of Henry II. to this sovereignty. 

In the reign of John we find that the fleets of England John, 
were of such importance that the claim was extended ; for 
it was then enacted, that if the masters of foreign ships 
should refuse to strike their colours, and thus pay hom- 
age to the English flag, such ships should be considered 
as lawful prizes. This monarch most carefully fostered 
the naval power of England ; and it is in the records of 
the thirteenth year of this reign that we first read of any 
public naval establishment. There is in the close rolls Early on- 
published by the Record Commission, an order, which is gin of Ports- 
dated the 29th of May 1212, from the king to the sberiff™|J4^** ^<>*^*'- 
of die county of Southampton, in which he is directed with-^ 
out delay to cause the king's docks at Portsmouth to be 
enclosed by a good and strong wall, in order to protect the 
I^i^g's galleys and ships; and also to build storehouses 
against this wall for the preservation of the fittings and 
equipment of the said vessels ; all of which works are to be 
performed under the direction of William, archdeacon of 
Taunton, and the greatest diligence is to be used, in order 
that the whole may be completed during the summer. 

The naval power of England appears to have continued Edward L 
sufficient to maintain the sovereignty assumed by John. 
For the occurrence of predatory excursions by some Ge- 
noese during the reign of Edward I. caused all the nations 
of Europe, bordering on the sea, to appeal to the kings of 
England, whom they acknowledged to be in peaceable pos- 
session of the " Sovereign Lordship and' Dominion of the 
Seas of England, and Islands of the same ;** which proves 
that their claim was generally acknowledged. This docu- 
ment, Evelyn says, was still extant in his time, in the ar- 
chives of the Tower. The right to the absolute sove- 
reignty of the seas was maintained up to the reign of James 
I. Queen Elizabeth insisted on and maintained her power 
to refuse or grant passage through the narrow seas, accord- 
ing to her pleasure. In 1 634 Charles I. asserted his right 
to their sovereignty ; and in 1654 the Dutch were com- 
pelled, aflcr a severe struggle, to submit to it, and consent 
to " strike their flags and lower their top-sails on meeting 
any ship of the English navy in the British seas ;" which 
homage the commanders of English men-of-war were in- 
structed to exact from all foreign vessels until so lately 
as the close of the last war, when it was judiciously aban- 
doned, for reasons which we shall give in the words of Sir 
John Barrow. In his Life of Howe, with reference to Tra- 
falgar, he says, " That battle, moreover, having so com- 
pletely humbled the naval powers of France and Spain, 
suggested to tlie consideration of the Board of Admiralty, 
with the approbation of the government, the omission of 
that arbitrary and oflensive article which required naval 
officers to demand the striking of the flag and lowering of 
the top-sail from every foreign ship they might fall in with. 
That invidious assumption of a right, though submitted to 
generally by foreigners for some centuries, could not pro- 
bably have been maintained much longer, except at the 
cannon's mouth ; and it was considered, therefore, that the 
proper time had come when it might both morally and po- 
litically be spontaneously abandoned." 

It is generally supposed, that ships intended only for Error re. 
sailing were first built by the Genoese, and that not until specting 
the beginning of the fourteenth century. We rather incline *he use of 
to the opinion, that in the Mediterranean they date from J^^^ ^**' 
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History, an earlier period than this ; and that although the general 
adoption of the galley in Western Europe had much check- 
ed the art of navigation by means of sails, it hod never 
been wholly lost, but that sailing vessels, though proba- 
bly very few in number, and imperfect in their rig, had 
been constantly in use. If we may judge from the few hints 
handed down to us by history, they were probably luggers, 
and were adopted for mercantile purposes along the coast of 
the Channel and the Bay of Biscay. In the north of Europe 
sails had never been discontinued, although the more war- 
like galleys of England and France had gradually prevent- 
ed the incursions of the northern nations into these more 
southern seas. The beginning of the fourteenth century 
is, however, decidedly an epodi in the histories both of na^ 
vigation and of naval architecture, and from it may be dated 
the progress of navigation by means of sails. It is generally 
supposed, that the '* large ships ** mentioned in the enume- 
ration of the fleets of this period, were ships built only for 
sailing, and intended for those long voyages which the inven- 
tion of the compass by Flavio Gioia, a Neapolitan, about the 
year 1300, had rendered of comparatively easy performance. 

It has been surmised that the compass was brought to 
Europe from the East about forty years previous to this 
date, by Paulus Venetus. It is certain that the Portuguese 
found the knowledge of the magnetic needle generally and 
long diffused among the eastern navies. Evelyn says that 
'* it was, near eighty years after its discovery, unknown in 
Britain." This is not improbable, for there does not re- 
main much record of maritime affairs in the interval be- 
tween the reigns of John and Edward III. This monarch's 
reign was, a&r a most severe struggle with France for 
supremacy on the seas, the era of a series of naval triumphs, 
and both navigation and naval architecture made most de- 
cided advances. 

In an engagement which took place in 1340, the French 
force amounted to four hundred vessels, of which a hundred 
and twenty were '* large ships," these being principally Ge- 
noese mercenaries. Edward III. commanded the English 
fleet in person, which consisted of but two hundred and 
sixty sail. *The French are variously reported to have lost 
twenty and thirty thousand men, and two hundred vessels 
are said to have been captured. The loss to the English 
was only four thousand men. Two facts are elicited by. 
the accounts of this engagement ; one is, that there is no 
mention of galleys as forming any part of the fleets ; the 
other is, that in the James of Dieppe, which was captured 
by the Earl of Huntingdon, four hundred persons were 
found slain ; consequently the size of the vessel must have 
been very considerable. " 
Rcyal fleet In 1344 Edward summoned commissioners from all the 
ports, to meet in the metropolis, provided with the state of 
their *' navies." The roll of this fleet is inserted in the first 
volume of Hakluyt, from a copy in the Cottonian Library. 
The total numbers were 710 ships, and 14,151 mariners; 
and tliere were thirty-eight foreign ships, with eight hun- 
dred and fifteen mariners. From this roll we learn that 
galleys had ceased to be used by England, either in her 
wars or in her commerce, as neither among the king's ships, 
nor among those furnished by merchants, is there any men- 
tion of them. This fleet was that engaged in die cele- 
brated siege of Calais, and it was probably at this time that 
cannon were first employed by the English. Camden in 
his Remains says, '< Certain it is, that King Edward III. used 
them at the siege of Calais in 1347." 

Although from the fact of there being a royal dock-yard 
at Portsmouth so early as the reign of John, it is probable 
that the kings of England were possessed of a navy almost 
from the conquest ; yet this roll of Edward's fleet contains 
the first enumeration of ships belonging to the sovereign, 
and employed in the service of the state, which occurs in 
English history ; and, consequently, it ia firom the reign of 
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Edward III* that we must date the formation of a royal History, 
navy. The king*s ships were twenty-five in number, and "^-^v*-"*^ 
were manned by 419 mariners. It appears that the vessels 
belonging to die sovereign were inferior in force to many 
of those which were supplied by subjects ; for the average 
number of the crews of the king's ships was seventeen men 
to each vessel, while the average of the fleet was rather 
above twenty. Of course these numbers only include the 
mariners employed in navigating the vessels, and not the 
soldiers to be aA^rwards embarked on board them. If we 
consider the simplicity of the rig of these ships, in compa- 
rison to the wilderness of canvass and cordage covering the 
tall masts of a modern merchantman, we have more reason 
to be astonished at the large number of hands employed, 
than at the smallness of the averages seventeen and twenty. 
There is good reason to suppose that the addition of the 
bowsprit to the rig of ships dates no farther back than late 
in the reign of Edward III., which is alone quite sufficient 
to prove the very imperfect state of the navigation at that 
period, and also to excite astonishment that, with such ap- 
parently inadequate means, so much was effected ; for hii- 
tory would almost lead us to suppose, that for all the pur- 
poses of war and commerce, fleets as proudly or as industri- 
ously ploughed the main then as now, " with all appliances 
and means to boot." Plate CCCCXLV. fig. 3. 

In the year 1381, the fourth of the reign of Richard II., Riebard II, 
the first navigation act was passed in England, for the en- Fir?^ «*▼»• 
couragement of the naval interest, and the augmentation 8**"*'* •^ 
of our maritime power, by discountenancing the employ- 
ment of foreign shipping. It enacted, *' that for increas- 
ing the shipping of England, of late much diminished, none 
o£ the king's subjects shall hereafter ship any kind of mer- 
chandize, either outward or homeward, out only in ships of 
the king's subjects, on forfeiture of ships and merchandize, 
in which ships also tlie greater part o\ the crews shall be 
of the king's subjects." This act was not however enforced, 
permission being given to hire foreign shipping when there 
were no English ships in readiness. 

We have said that the royal navy of England must date Royal ship- 
from the reign of Edward IIL We have proof that it con^ hired by 
tinued to be customary for the sovereign to possess ships ;°^^'^1"*"**" 
they were, however, used both for war and commerce. This 
practice, which does not at all militate against the existence 
of a royal navy, appears to have commenced when '^ large 
ships" were sut^tituted for the galleys as vessels for ^ar; 
and it long continued to be usual for merchants to hire ship- 
ping from the sovereign for commercial voyages. We learn Henry IV* 
from the proceedings of the privy council, which have been 
printed by the Record Commission, that in June of the 
year 1400, Henry IV. ordered his " new ship," together 
with such others as were in the port of London, to pro- 
ceed against the enemy. There is also a letter in the Cot- Letter to 
tonian Library, which has been printed in Ellis's Collec- ^^^''y ^* 
tion of Letters, from John Alcetre to King Henry V. con- 
cerning a ship building for that monarch at Bayonne. The 
letter is of the date of 1419 ; and as it contains more mi- 
nute details than might be expected to have descended 
to us firom such an early period, we give the following ex- 
tract. " At the makyng of this letter yt was in this estate, 
that ys, to wetyng xxxvj. strakys in hyth y bordyd, on the 
weche strakys hyth y layde xj. bemys ; the mast heme ys 
yn leynthe xlvj. corayn fete, and the heme of the hameron 
afore ys in leynthe xxxix. fete, and the heme of the hame- 
ron by hynde is in leynthe xxxiij. fete ; fro the onemost 
ende of the stemne in to the post by hynde ys in leynthe 
a hondryd iij"* and vj. fete ; and the stemne ys in hithe 
iiij"- and xvj. fete ; and the post xlviij. fete ; and the kele 
ys in leynthe a hondryd ana xij. fete ; but he is y rotyt, 
and must be chaimgyd." 

We have also evidence of the existence of ships which 
belonged to the monarch, in contradistinction to ships which 
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History, belonged to the '* commons," in the quaint rhymes of an 
^""v"*^ anonymous author of the year 1433, which have been pre- 
** Libel of served by Hackluyt, termed " The Prologue of the pro- 
En^lish cesse of the Libel of English policie, exhorting all Eng- 
pohde.*' inujj iQ keepe the sea, and namely, the narrowe sea, shew- 
ing what profite commeth thereof, and also what worship 
and saluation to England, and to all EngUshmen." 

And if I ihould conclude all by the kin^ 
Henrie the Fift., what was his purposing, 
Whan at Hampton be made the ^eat dromons. 
Which passed other great ships of all the commons ; 
. The Trinitie, the Grace de Dieu, the Holy Ghost, 
And other moe, which as nowe bee lost. 
What hope ye was the king's great intent 
Of thoo shippes, and what in minde hee meant : 
It was not ellis ; but that hee cast to be 
Lorde round about environ of the sea. 

The term dromond is the corruption of a Levantine term, 
dromones, imported probably by the crusaders. The dro- 
mones were long row-galleys, but the adopted term dro- 
mond was applied generally to all large ships. 
Henry's There is a list of Henry's vessels in the fourth year of his 
fleet reign, preserved in the proceedings of the privy council. 

His navy then consisted of three '< large ships" or ** grands 
niefs,'' three ** carracks," eight barges, and ten balingers. In 
1417 it was augmented to three " large ships," eight " car- 
racks,'' six other ships, one barge, and nine balingers. 
Early ton- Again, in a letter preserved among the Cottonian ma- 
"•**• nuscripts, and printed in Ellis's collection, we find that the 

Spaniards offered Henry V. two carracks for sale, one of 
which is described as of a tonnage equal to 1400, and the 
other to 1000 butts. So energetical was Henry V. in all 
things relating to his navy, and the consequent increase in 
the number of the royal ships during his reign was so great, 
as to have led to the error that before his time the sove- 
reigns of England were not possessed of vessels, but relied 
wholly upon the aid to be gathered from the different ports 
of England, or to be hired jGrom foreigners. This is evi- 
dently incorrect. 
Neglect of On the death of Henry V. a different line of policy ap- 
thenavy. pears to have been adopted; for in May 1423 the king's 
ships were all sold at Southampton, under a restriction that 
no foreigner could be a purchaser of them. But it appears 
that a long period did not elapse before the depressed state 
of the naval resources of the kingdom, consequent on this 
injudicious measure, attracted the attention of parliament. 
The following interesting quotation from the preface of the 
fifth volume of the Proceedings of the Privy Council, print- 
ed by the Record Commission, refers to this event. " In 
1443 the attention of parliament was directed to this im- 
portant part of the national defence (the naval force), and a 
^ highly curious ordinance was made for the safeguard of the 

-' sea. From February to November eight ships with forestages, 

or, as they were sometimes called then, as now, forecastles, 
armed with 150 men each, were to be constantly at sea. 
Every large ship was to be attended by a barge of eighty 
men, and a balinger of forty men. There were also to be 
* awaiting and attendant upon them' four ' spynes' or < spi- 
naces,' with twenty-five men each. The whole number of 
men in these twenty-four ships was 2240.** 

There is also in the same preface an account of the va- 
rious kinds of ships which formed the navies of this period, 
a part of which we shall quote, and by the addition of some 
further information of the same nature, derived from Frois- 
sart, Monstrelet, and other sources, the reader will be en- 
abled to form a tolerably correct opinion as to the state of 
naval architecture in England previous to and during the 
fifteenth century. Plate CCCCXLVL 
Sliipt. Ships. << The burthen of tlie largest ships at that period 

probably did not exceed 600 tons, though some of them 
were certainly very large" as, for instance, the vessel built 
at Bayonne for Henry V., akeady mentioned. « One 



which belonged to Hull was released from arrest* (she hav- Hfstory. 
ing been pressed into the king's service), " because she' 
drew so much water that she could not approach within two 
miles of the coast of Guienne, where the Duke of Somer- 
set's army intended to disembark ;" and several notices oc- 
cur of ships of 300 and 400 tons and upwards. Some had 
three and others only two masts, with short topmasts, and a 
" forestage" or ** forecastle," consisting of a raised platform 
or stage, which obtained the name of castle from its con- 
taining soldiers, and probably from its having bulwarks. In 
this part of the ship it appears business was transacted ; and 
in the reign of Edward III., if not afterwards, ships had 
sometimes one of these stages at each end, as ships *' ove 
chastiel devant et derere*' are then spoken of. (Plate 
CCCCXLVL figs. 2, 3, 4, 6.) Lydgate, describing the 
fleet with which King Henry V. went to France after the 
battle of A gin court, says. 

Fifteen hundred ships ready there be found, 

With rich sails and high topcastle. 
This is a confusion of terms. The " topcastles" were not 
the forecastles, but were castellated enclosures at the mast- 
heads, in which the pages to the officers were stationed 
during an engagement, in order to annoy the enemy with 
darts and other missiles; as is frequently mentioned in 
Froissart, and is represented in the illuminations to his 
work. Plate CCCCXLV. fig. 3. 

Carracks ** were vessels of considerable burthen, and Carracks. 
were next in size to great ships, in which class they indeed 
were sometimes included. Their tonnage may be estimated 
by their being in some instances capable of carrying 1400 
butts ; and the sail of one afforded Chaucer a strange si- 
mile expressive of magnitude. 

And now hath Sathanas, saith he, a tayl 

Broder than of a carrike is the sayl. 

Though occasionally armed and employed against the ene- 
my, they were more generally used in foreign trade." 

Chamock says that the first carrack which was built in 
England was built for a merchant, John Tavenier, of Hull, 
who was consequently honoured by Henry VI. with distin- 
guished favour ; and she was licensed in 1449 with parti- 
cular privileges to trade Uirough the Straits of Morocco. 
The king also ordered her to be called the Grace Dieu Car- 
rack. The license states her to have been built " by the 
help of God and some of the king's subjects." 

Barnes '* were a smaller kind of vessel and of a different Baiges. 
construction firom ships, though, like thenoi, they sometimes 
had forecastles. Those appointed to protect the seas in 
1415 were of 100 tons burthen, and contained forty mari- 
ners, ten men-at-arms, and ten archers ; whilst tlie ships 
employed on the same occasion were of 120 tons, and had 
forty-eight mariners, twenty-six men at arms, and twenty- 
six archers each. Four large barges and two balingers 
were capable of holding 120 men-at-arms and 480 archers 
and sailors." 

Balingers ^ were still smaller than barges, had no fore- Balingers. 
castle, and sometimes contained about forty sailors, ten men- 
at-arms, and ten archers." Froissart makes frequent men- 
tion of " balniers," " balleniers," which he describes " as 
drawing little water, and being sent in advance to seek ad- 
ventures, in the same manner as knights and squires, mount- 
ed on the fleetest horses, are ordered to scour in front of an 
enemy, to see if there be any ambuscades." Monstrelet 
speaks of one vessel that was employed by Louis XI. to ab- 
duct the Count de Charolais, by tne two names ballenier and 
balayer. It is not improbable^that tlie name is derived 
from the French word baieincy and that its origin was si- 
milar to that of our English name wfialer. The whale- 
fishery in Biscay was of a very early date. 

Gallet/s (Plate CCCCXLVL fig. 1) "are fi-equently Galleys, 
mentioned at a very early period ; and in the 5th Rich. 11. 
1381 1 the Commons complained that no measures had been 
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^History, taken to resist the enemy, wao had attacked the English at 

^ — v-^*^ sea with their barges, galleys, and other vessels. In 1405 
Henry IV. directed his council to apply to the king of Por- 
tugal to lend him his galleys to assist the English navy 
against the French." 

In Sir Grenville Temple's Travels in Greece and 1 ur- 
key, we find the following description of a Maltese galley, 
or, more correctly, galleas, made from an old model pre- 
served there. ** These galleys measured a hundred and 
sixty-nine feet one inch in length, and thirty-nine feet six 
inches in breadth. They had three masts with latine sails, 
and were propelled by forty-nine oars, each forty-four feet 
Bve inches long. Their armament consisted of one thirty- 
six pounder, two of twenty-four, and four of six, all on the 
forecastle, which in those days had in reality some appear- 
ance of a castle. On each side of the vessel, aft of the 
forecastle, were four six-pounders.'' The total crew, in- 
cluding galley-slaves, consisted of 549 persons. 

Galleas. The GcdUas and the Galleon appear to have been succes- 

sive improvements on the original galley, rendered neces- 
sary by the introduction of cannon into naval warfare. The 
artillery introduced on board the early galleys was placed 
either before or abaft the rowers, and to fire in the direc- 
tion of the length. (Plate CCCCXL VII.) In the galleas, 
a description of vessel first used at the battle of Lepanto, 
guns were also placed between the rowers, to fire from the 
broadside. Evelyn describes the galleasses he saw at Venice 
(1645) as being *< vessels to rowe of almost 150 foote long 
and thirty wide, not counting prow or poop, and contain 
twenty-eight banks of oares, each seven men, and to carry 
1300 men, with tliree masts." In the galleon the oars ceased 
to be the principal means of propulsion, and if used at all, 
were only so as occasional aids. The galley and galleas had 
overhanging topsides for the accommodation of the oars. In 
the galleon, on the contrary, the topsides *' tumbled home" 
to so extraordinary an extent, that the breadth at the water 
was twice that at the topside, a fashion which has continu- 
ed, but in a much less degree, to the present time. Plate 
CCCCXLVIII. 
Spynes or Spyn/U or Spynaces, *< now called pinnaces, seem to 

•pynacea* have been large boats, capable of holding twenty-five men, 
and were probably used for swiftness. To these must be 
added crayers, hulks, gabarres or gabbars, a kind of fiat- 
bottomed boat used in shallow rivers." The French still 
continue to apply the term " gabarre" to store-ships. 

Playtes, cogships, whence perhaps cogs and coggles 
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are derived ; farecrofls, passagers, which were perhaps boats 
used between England and France ; and cock-boats, a small 
boat which attended upon all kinds of ships. The whole 
of these vessels were employed in conveying goods or pas- 
sengers, and most^ of them on rivers or in the coasting 
trade. The ships, carracks, barges, balingers, and galleys, 
were employed equally for commerce or for war. When 
sent against the enemy, soldiers were put on board of them ; 
and it is most likely they were at all times partly manned 
by soldiers. In foreign voyages they usually sailed in con- 
voys ; and it was a very ancient custom for the masters and 
sailors to elect their own admiral." 
Foists or In Burchett's account of the unfortunate action in the 
fojits. Bay of Conquet in 1513, in which the Lord High Admiral, 
Sir Edward Howard, lost his life, four foists are mentioned 
as forming a part of the French force. They were proba- 
bly vessels of a similar character with the galley, but smaller 
in size. About the beginning of the seventeenth century, 
" carracks," " galleons," and " tall shippes" appear to have 
become synonymous terms. Plate CCCCXLVIII. 
Hulks. The term hulk briginally was applied in a different sense 

from that which is stated in the part of the foregoing 
remarks which we have quoted from the preface to the 
proceedings of the privy council. Frequent allusion is 
made to hulks in documents of the fifteenth and sixteenth 



centuries. In a letter from Sir Thomas Seymour to the History, 
privy council, dated the 18th of November 1544, when in ^*"^*n^^*^ 
command of the " shipes whyche was a poyntede to kepe 
the Narrow Sees," vindicating himself for putting back on 
account of a storm, there is the following passage, from 
which we might almost infer that hulk was a general name 
synonymous with ships. " Thre holkes that come afler me 
colde nott gett syght thereof (the « Eylle of Wyght),' tyll 
they warre in a bay on the est syde of the Eylle, of die 
whyche Mr Strowd, Bramston, and Battersebe of the garde, 
God rest their sowles, was in on of them, whyche holke 
brake all her ankeres and cabelles, and she brake all to 
peses on the shorr, and but 41 of 300 saved a lyve. The 
other two rode out the storme, whyche lasted all that nyght 
and the next day. My brother (Sir Hj Seymour) and 
John Roberds of tlie garde, tryde the sees all the furst nyght, 
and the next day cam into Dartemouth haven, wharre my 
brothers holke strake on a roke and brcst all to peses ; but 
God be praysede, all the men warre savede, savying thre ; 
and It nother new holke that tryde the sees that nyght brake 
thre of her hemes, and with moche ado came into the Wyght." 

Again, in a letter from Lord Viscount Lisle, Baron Mal- 
pas, the Lord High Admiral of England, to Henry VII I., 
we have an announcement, that *' their is cum into the 
Downes 30 sayle of hulkses, whereof sum be tall shipes.* 
And again, in a letter from the same to the Lord Chamber- 
lain, Lord St John, he speaks of having detained *' 3 grate 
hulkes bound, as they say, for Lusshbome, the leste of y^' 
500 tunnes." And again, from the same to the same, he 
speaks of his former letter and the " goodly hulkes," and 
says, " sithens that tyme I have stayed other too, which in 
beautye and well appoynting are beyond the others. That 
I have last stayed ys a shipe of 600 at the least, and hath 
5 toppes, and she ys of the town of Dansick, and ladon in 
Flanders for Lusshboume." 

The importance of the mercantile shipping of England State of 
during the fifleenth century must have been considerable, mercantila 
About the middle of it flourished the celebrated William !^PPi^8« 
Canynge, a merchant of Bristol, who built the church of St^^^J™^ 
Mary's, Redcliff, in that city, in which church he was buried 
in 1474. This man appears to have been much in advance 
of the rude times in which he lived. His mercantile trans- 
actions were on so extensive a scale, and carried on in ves- 
sels of such large size, tliat they must have had an import- 
ant influence in improving the navies of the period. It is 
therefore not only as a fact of much historical interest, but 
as one which is intimately connected with and most proba- 
bly materially affecting our subject, that we shall dwell on 
the information which has descended to us respecting him. 
He was a great patron of the arts, a friend and protector of 
genius, and eminent for his virtue and piety. From an in- 
scription upon his tomb, a tradition has become current, 
that Edward IV. took 2470 tons of shipping from him, he 
having " forfeited the king's peace ;" and for the obtaining 
of which again, it is stated that Edward accepted these ships 
instead of a fine of 3000 marks. The Itinerary of William 
of Worcester, preserved in the library of Bennett College, 
Cambridge,. gives the names of Canynge's vessels, among 
which are the Mary and John of 900 tons, Mary Redcliff of 
500 tons, and Mary Canynge of 400 toqs. The same au- 
thority gives the names and tonnage of other large ships be- 
longing to Bristol merchants, among which are the John, of 
511 tons, and the Mary Grace, of 300 tons. If there be any 
truth in the tradition of the confiscation of the shipping, it 
is probable that the inscription on the tomb may refer to 
some act of Canynge's in favour of the house of Lancaster, 
as he appears to have enjoyed the favourable opinion of 
Henry VI. Another account, which, it is said, is authenti- 
cated by the original instrument in the Exchequer, states 
that this Canynge assisted Edward IV. with a loan, and re- 
ceived in return a license to have 2470 tons of shipping firee 
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Hiftorj. of imposts. In Corry's History of Bristol it is said, << the 
* commerce and manufactures of Bristol appear to have made 
considerable progress during the fifteenth century, about 
the middle of which flourished the celebrated Canynge* 
This extraordinary man employed 2853 tons of shipping 
and 800 mariners during eight years. Two recommendatory 
letters were written by Henry VI. in 1449, one to the mas- 
ter-general of Prussia, and Uie other to the magistrates of 
Dantzic, in which the king styles Canynge his beloved emi- 
nent merchant of Bristol." 
Doubts as Some doubt mudt always remain as to the actual size of 
to accuracy the shipping of this remote period, as we cannot ascertain 
in estimat- ^^ bulk that was then considered as equivalent to a ton. 
slfaoDL^ ^^ '^ probable that the tonnage was estimated according to 
the number of butts of wine that a vessel could carry. For 
we find references to ships sometimes by tonnage, and some- 
times by the " portage* of so many butts. 

This, however, is only a Question as to exactne^ of size. 
In whatever way measured, Canynge's ships must have been 
of very considerable dimensions. It is rather extraordinary, 
that at the unsettled period in question Bristol should have 
enjoyed such a state of commercial prosperity as the owner- 
ship of such shipping as that enumerated by William of Wor- 
cester necessarily involves. Bristol, for many centuries, was 
only second in mercantile importance to London ; but the 
civil wars which distracted tlie kingdom during a great part 
of the fifteenth century must have much retarded the in- 
crease both of the military and the mercantile navy of Eng- 
land ; and only when order was again re-established by the 
Henry VIL accession of Henry VII. to the throne in 1485, ought we 
to expect men's minds to revert from the internal excite- 
ment of party strife to external affairs. 
Progress of In this interval, in which England was torn by the wars 
naval im- of the houses of York and Lancaster, naval science had 
provement. ^jj^^jg more rapid strides than in any previous period of si- 
Compasa. milar duration. The compass was not only known, but was 
generally adopted. Navigators could take observations by 
the use of an instrument called the astrolabe, invented by 
the Portuguese. The Spaniards and Portuguese were suf- 
ficiently advanced in the art of navigation to sail on a wind, 
and their smaller vessels, at least, were adapted for this ma- 
noeuvre. New maritime states had started into existence. 
The Netherlands, until then scarcely known, was under the 
Duke of Burgundy, the most formidable naval power in the 
north of Europe. " His navy," says Philip de Commines, 
<< was so mighty and strong, that no man durst stir in those 
narrow seas for fear of it, making war upon the king of 
France's subjects, and threatening them everywhere; his 
navy being stronger than that of France and the Earl of 
Warwick joined together." Venice, in 1420, according to 
Denina in his Revolutions of Italy, supported 3000 merchant- 
ships, on board of which were 17,000 seamen. They em- 
ployed 300 sail of superior force, manned by 8000 seamen ; 
had forty-five carracks, with 1 1,000 men to navigate them ; 
and her arsenals employed 16,000 carpenters. Portugal had 
pushed her discoveries round the Cape, and Spain had added 
America to the world. 

The progress of discovery by the Portuguese to the south 
and east, and by the Spaniards to the west, with the conse- 
quent rapid increase in the importance of these two powers, 
and the mfluence of their discoveries on the state of Europe, 
renders the fifteenth century probably the most important 
of modem history. In it was given the death-blow to the 
increase of the Saracenic power, and to that of the Medi- 
terranean states. The Turk, the Venetian, and the Genoese, 
had hitherto been the monopolizers of the commerce of the 
east. The discovery of the passage round the Cape of Good 
Hope opened this trade to all nations. The commercial 
O^Hooe "^^P*"^^* *"^ consequently the military sceptre, hitherto 
^'shared by the Turk, passed wholly from the infidel to the 
believer. The crescent sank before the cross. 
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There can be no doubt, also, that the *^ tormenta^ of the Histoir. 
" grao Cabo de boa Esperd^** were a means oi great im- ^— ^^v^—^ 
provement in naval architecture ; for we find, that in conse- ^** i^A'i- 
qucnce of the representations of Bartholomew Diaz, John H-^j^tt^Sii"*' 
of Portugal ordered ships to be constructed for the especial tecture. 
purpose of contending with the stormy seas of the Ctape of 
Good Hope. The ships were built to form the squadroh 
of Vasco de Gama, and were of small tonnage, from the 
very proper idea that small vessels were more adapted to 
prosecute researches ki unknown seas than those of a large 
size, and consequent increased draught of water. 

The squadron of Vasco de Gama consisted of three ships Squadron 
and a caravella. One of the ships was of the burthen of of Vasco de 
two hundred tons, another one hundred and twenty, and^una. 
the third one hundred ; the caravelU was of fifly tons. The 
largest of the ships was a victualler ; the smaJlest was in- 
tended to prosecute discovery up creeks and shallows ; and 
the other was for a display of force. As it is evident that 
it was not increase of aimensions which was to be the object 
in designing new vessels, the direction of improvement must 
have been towards perfecting their forms, strengthening their 
frames, and adding to the efficiency of tiieir mcUerieL Por- 
tugal by these means became the most advanced state of 
Europe, in knowledge of the art of ship-building ; for we 
find tiiat it was long supposed that the passage to India re- 
quired ships such as the Portuguese alone could build. Spain, 
in her career of discovery, conquest, and colonization across 
the mighty waters of the Atlantic, as if to assimilate the means 
to the vastness of her achievements, rapidly acquired the art 
of constructing ships of very large dimensions; and as long as 
she possessed a marine, her ships maintained this superiority. 

We have a curious instance of the light in which naval state of 
enterprises were considered in England at this time, notwith- naval af. 
standing the earnest desire of the monarch to re-establish ^'^^'^ 
his navy, which had necessarily suffered from the long civil ^''^l^d^ 
wars. There is a letter from Henry VII. to the pope, pre- 
served in the Cottonian Library, excusing himself from send- 
ing succour against the Turk, from which the following is 
a quotation. ** The Galees commying from Vennes to Eng- 
land be commonly vij. monethes sailying, and sometimes 
more ;" and again, *^ it should be May or they should be 
ready to saill, and it shall be the last end of Septembr or the 
said shippcs shuld passe the Streits of Marrok ; and grete 
difficultie to fynde any Maryners hable to take the rule and 
governance of the said shippes sailying into so jeopardous 
and ferre parties.** 

There is a drawing (Plate CCCCXLIX.) extant in the Henri 
Pepysian Library in Magdalen College, Cambridge, of the Grace k 
Henri Grace k Dieu, built by the order of Henry VII., which ^^^^ 
Charnock has engraved in his History of Marine Architec- 
ture, and argues as to the general authenticity of the repre- 
sentation. He says, <* this vessel may be termed the parent 
of the British navy. This celebrated structure, the existence 
of which is recorded in many of the ancient dironides, cost 
the king, by report, nearly 14,000 pounds.'* 

From this drawing may be traced the derivation of one or Earlj ori- 
two names which have been preserved even to the presentgin of na- 
hour ; as, for instance, the " yard-arm,** no doubt from the ^^ terms, 
ends of the yards being armed with an iron hook. The cas- 
tellated work from which we have the term <* forecastle** is 
earlier than this; and the buckler-ports are most probably 
derived firom a yet earlier period, when the bucklers of the 
knights were ranged along the sides of the ship, as they 
are represented in the illustrations of Froissart» and of the 
early chroniclers, and even in the Bayeux Tapestry. Plate 
CCCCXLV. 

<< The masts were five in number, inclusive of the bow- 
nnit, an usage which continued in the first-rates without 
alteration till nearly the end of the reign of King Charles L ; 
they were without division, in conformity with those which 
had been in unimproved use firom the earliest ages. Thia 
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History, inconvenience it was very soon found indispensably neces- 
' sary to remedy, by the introduction of separate joints, or 
top-masts, which could be lowered in case of need." 

The drawing shows two tiers of ports. The introduction 
of port-holes is said to be an improvement due to a French 
ship-builder of Brest, named Descharges, in the reign of 
Louis XIL, and about the year 1500. If the drawing be 
authentic, the correctness of this appropriation of the merit 
of the introduction of port-holes may be questionable. 

Again, if the drawing be a correct representation of the 
vessel, she would have been in danger of upsetting, ex- 
cepting in calm weather, and when her course was with the 
wind. In fact, as yet the large ships of war of England were 
not at all adi^ted to sail on a wind, and were very ill provid- 
ed with such sails as would enable them to do so ; they had 
therefore nothing to fear from the result of a measure which 
could not be put into execution. The fleets of war of which 
we have hitherto written seldom ventured out of port ex- 
cepting in the summer months, and then only when the 
wind was favourable to their intended course. But very 
shortly after the date of the building of the Henri Grace k 
Dieu, we shall find that great improvement took place, and 
that in the reign of Henry VIII. there is evidence to prove 
that sailing on a wind formed one of the qualities of the 
vessels composing his fleets. This fact appears to throw 
some doubt upon the correctness of the drawing, for it 
must have required ships widely diffisrent from any of which 
that would at all give an idea, to have performed the evo- 
lution of tacking or wearing ; and as the Henri Grace k 
Dieu was in all probability the same ship that on the acces- 
sion of Henry VlH. was called the Regent, she must have 
formed one in fleets which were capable of performing 
these manoeuvres. It is true that she may have been alter- 
ed to adapt her to these new requirements of an improved 
system of seamanship ; and it must also be said, that she was 
burned in an action with the French fleet, which occurred 
as early as the fourth year of the reign of Henry VIII. 

Though it is out of the question that ships with the en- 
ormous top-hamper which, on the evidence of all the draw- 
ings extant, still continued to be the fashion, could have 
made much progress in sailing on a wind, the letters of the 
time extant corroborate the statement we have made ; for 
they begin to contain references to this improvement in 
navigation. In a letter from Sir Edward Howard, *' Lord 
Admiral," to King Henry VIII., upon the state of the fleet, 
A. D. 1513, preserved in the Cottonian Library, and pub- 
lished in Ellis's collection, we find the following passage : 
" Ye commanded me to send your grace word how every 
shipp dyd sail; and this same was the best tryall that 
GOwd be, for we went both slakyng and by a bowlyn, and 
a cool acros and abouet in such wyse that few shippes 
lakkyd no water in over the lee wales," The Lord High 
Admiral Lisle, in one of hts letters (1545), says the small 
vessels of his fleet could •* lye best by a wynde ;" and in 1567 
we have conclusive proof that there were " fore and afl," 
indeed ** cutter-rigged" vessels, on the British seas ; as in 
a map of Ireland of that date, published in the state-papers, 
two such vessels are represented, for the purpose, apparent- 
ly, of indicating regular packets from England to Ireland. 

It has been very generally supposed, on the authority of 
Sir Walter Raleigh, that the " knowledge of the bowline" 
was a discovery in navigation made shortly before his time ; 
but we think it is probable that there were, even from the 
time of the Northmen, craft so rigged as to be capable of sail- 
ing on a wind. Froissart mentions, in several instances, '' a 
vessel called a Lin, which sails with all winds, and without 
danger ;" and again, '< a vessel called a Lin, which keeps 
nearer the wind than any other." Boats with a rig adapted 
for this manoeuvre are also represented in engravings of a 
very early date. In the plates of Breydenbach's Voyage to 
Palestine, which was pubUshed in 1483, boats and somll ves- 
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sels are represented with lateen sails ; and in Braun's CM- History. 
tates Orhts Terrarum, published in 1572, sprit-sails are '""•^v"*^ 
met with. It is quite certain, however, that sailing on a 
wind was by no means a general quality possessed by the 
ships of war, or to any extent even by tiie greater portion 
of the larger shipping, until about the reign of Henry VIII. 
We shall adduce one other instance, in the account of the 
loss of the Mari Rose, a ship of the ** portage of 500 tons," 
not so much to corroborate the fact of sailing on a wind, as 
to show that the two innovations, the introduction of port- 
holes, and the " knowledge of die bowline," were, as we 
have just said, in advance of the qualities of the large ships 
of war of the time. Sir Walter Raleigh says that '' in King 
Henry VIII.'s time, at Portsmouth, the Mari Rose, by a 
little sway of the ship in casting about, her ports being 
within sixteen inches of the water, was overset and lost" 

The loss of this ship has been the means of giving us an- Loss of the 
other interesting insight into the comparatively low state of Mari Ro»e. 
nautical skill in England at this period, namely, the middle 
of the sixteenth century. In a letter among the state- 
papers published under the direction of the Record Com- 
mission, addressed by the Duke of Suffolk to Sir William 
Pagett, " chief secretary to the kinge's highnes," dated the 
23d of July 1545, and containing a schedule of things ne- 
cessary to be had for the raising of the Mari Rose, one item 
is ** fifty Venyzian maryners and one Venyzian carpenter;" 
the next item Is " sixty Englisshe maryners to attende upon 
them." It would also appear that the attempt was to be 
made under the direction of an Italian, as the conclusion 
of the schedule is, *' Item, Symond, petrone and master in 
the Foyst, doth aggrie that all thyngs must be had for the 
purpose aforesaid " The attempts however all failed ; the 
wreck of the Mari Rose remains to this day at Spithead, 
and so lately as August 1 836, several of her brass cannon, 
of most exquisite workmanship, were recovered from the 
sea by the enterprise and ability of an Englishman of the 
name of Deane. 

We may obtain some idea of the detail of ship-building Minutise of 
rather before this period, from an account of a vessel built "hip-build- 
by James IV. of Scotiand, at the close of the fifteenth or'n» .»* ^^ 
the beginning of the sixteenth century. The extract igP®"*^"* 
from Chamock, but he has not mentioned his authority. 
** The king of Scotiand rigged a great ship, called the Great 
Michael, which was the largest and of superior strength to 
any that had sailed from England or France ; for this ship 
was of so great stature, and took so much timber, that, ex- 
cept Falkland, she wasted all the woods in Fife which were 
oakwood, with all timber that was gotten out of Norway ; 
for she was so strong, and of so great length and breadth, 
all the Wrights of Scotland, yea, and many other strangers, 
were at her device by the king's command, who wrought 
very busily in her; but it was a year and a day ere she was 
completed. To wit, she was twelve score foot of length, 
and thirty-six foot within the sides ; she was ten foot thick 
in the wall and boards, on every side so slack and so thick 
that no cannon could go through her. This great ship 
cumbred Scotiand to get her to sea. From that time tiiat 
she was afloat, and her masts and sails complete, with an- 
chors offering thereto, she was counted to the king to be 
thirty thousand pounds expense, by her artillery, which was 
very great and costly to the king, by all the rest of her or- 
ders. To wit, she bare many cannon, six on every side, 
with three great bassils, two behind in her dock and one 
before, with three hundred shot of small artillery, that is to 
say, myand and batterd falcon, and quarter falcon, flings, 
pestilent serpentens, and double dogs, with hagtor and cul- 
vering, corsbows and handbows. She had three hundred 
mariners to sail her, she had six score of gunners to use 
her artillery, and had a thousand men of war, by her cap- 
tains, shippers, and quarter* masters." 
Severad of the writers of this period mention the fact of a 
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HMtory. Sv^edish ship of extraordinary dimensions built in the middle 
^•"■"'^^"*^ of the sixteenth century, and which was burned in an action 
J^*J^^®' between the Swedes and Danes in 1564. Chapman has 
^* given an estimate of the dimensions pf this vessel. She was 
called the Makalos (by Charnock, Megala). According to 
Chapman, she was 168 English feet in lengUi and forty-three 
English feet in breadth, an immense vessel for that period. 
Her armament was 173 guns, sixty-seven only of whidi could 
be considered as cannon, the remainder being merely swivels. 
Royal We find tliat Henry VHI., deeply sensible of the ne- 

dock-yards. (2gggi(y Qf ^ permanent and powerful naval force, estab- 
lished the navy-office, and also several dock-yards for build- 
ing and repairing the ships of the royal navy. Among 
these were Woolwich, Deptford, and Chatham. He also 
greatly added to and improved the dock-yard at Ports- 
mouth. He invited from foreign countries, particularly 
from Italy, the commercial cities of which were still in ad- 
vance of the rest of Europe in the mantime arts, as many 
skilful foreigners as he could allure, either by the hope of 
gain, or by the honours and distinguished countenance he 
paid to them. The following extract is firom a report made 
to James I. in the year 1618, and published in the Archseo- 
logia. It was made in answer to a commission issued by 
that moftarch to the several master-builders. The date of 
the report is rather in advance of our history ; but we in- 
sert it here because the information it contains is of the 
time on which we are writing ; as, while it confirms the 
statement we have just made, it informs us on the force of 
the royal navy during the reigns of Edward and of Mary, 
the period at which we have now arrived. 
EdwardVI. The minority of Edward VI., and the civil and religious 
strife which distracted the kingdom during the reign of 
Mary, depressed the resources of the state, and evidently 
much checked the progress of its maritime strength. The 
report says, ** In former times our kings have enlarged 
their dominions rather by land than sea forces, whereat 
even strangers have marvelled, considering the many ad- 
vantages of a navy ; but since the cliange of weapons and 
fight, Henry VHI., making use of Italian shipwrights, and 
encouraging his own people to build strong ships of war, 
to carry great ordnance, by that means established a puis- 
sant navy, which in the end of his reign consisted of seventy 
vessels, whereof thirty were ships of burthen, and contain- 
ed in all 10,550 tons, and two galleys. The rest were small 
barks and row-barges, from eighty tons downwards to fif- 
teen tons, which served in rivers and for landing of men. 
Edward VI., in the sixth year of his reign, had but fifly- 
three ships, containing in all 11,005 tons, with 7995 men* 
whereof only twenty-eight vessels were above eighty tons 
each. Queen Mary had but forty-six of all sorts." 
Defects of There is one peculiarity about the fleets of this time^ 
the ships of which exemplifies the defects of their design in a very re- 
this pericd-niarkable feature. It is, that the ships built for the royal 
navy appear only to have been adapted for the lodgment of 
the soldiers and mariners, with their implements of war, 
and the necessary stores for navigation. The provisions 
were carried in an attendant vessel, called a ^* victualler," 
of which there was one attached to each of the large ships 
of war in the fleet, or to several of the smaller size. The 
hold appears to have been principally occupied by the " cook- 
room," the inconvenience of which arrangement, though 
much complained of, was general when Sir Walter Raleigh, 
in his Discourse on the Royal Navy and Sea-Service, re- 
commended that it should be removed to the forecastle ; 
and even so lately as 1715, several men of war had " cook- 
rooms" in their holds. There is also no doubt that the enor- 
mous quantity of ballast which was rendered necessary by 
the immense top- hamper of these ships, and the space which 
it occupied from being shingle, lefl but little room for the 
stowage of any quantity o( provisions. In th& ships built 
Sx commiBrcei this defect does not appear to have existed. 



as in fleets composed of the king's and of private shipping, History. 
those ships only which belonged to the royal navy had these ^-^"n^"***' 
attendant victuallers. We also know that the cook-rooms 
in the merchant-shipping were under the forecastle ; and 
they had less top-hamper, as less accommodation was requir- 
ed for officers. 

Although we may comment on the comparative inefficien- Epoch in 
cy of the vesseh, we cannot but perceive that we have en-"*^""*^!"- 
tered that period in the history of naval architecture and of*cct*"** 
navigation, in which, though still in their infancy, these arts 
may be considered as peifect in all but the maturity to be 
acquired by the experience of years. The mariner's com- 
pass was known ; the theory of taking observations was un- 
derstood, and the practice of it in the course of being per- 
fected ; and therefore the longest voyages could be under- 
taken with comparative certainty Und safety. Besides this, 
the ships, though still imperfect, were becoming gradually ma- 
nageable machines, and nad ceased to be the cumbrous masses 
of the preceding ages, which, with few exceptions, were 
capable of little more than of being driven before the wind. 

If we consider the contents of the foregoing pages, there Three 
will appear to be three epochs in the maritime history of ®P<*<^ ^ 
England; the first commencing with the introduction of 2*® J^J]^" 
galleys by Alfred, and ending with the reign of Edward III., ^^y ^f 
before whose time these galleys and vessels propelled by England, 
oars were the chief instruments of navigation ; the second 
ending with the reign of Henry VII., during which period^ 
though sailing vessels were used for the purposes both of 
war and commerce, they were comparatively at the mercy 
of the winds, and, faking generally, could sail only when 
they blew both fairly and gently ; the third epoch we have 
already noticed. And henceforward we find the sister arts 
of navigation and naval architecture, if not always making 
rapid progress towards their present improved state, at least 
with no existing impediment to their advance towards that 
comparative perfection. 

We have seen, from the extract of the report of the Elizabeth, 
builders, the state of the navy during the reigns of Ed- f^^^^^ 
ward VI. and of Mary. We know, thererore, that when Eliza- JJ^JJ*^ 
beth ascended the throne, the marine of England, both mi- 
litary and mercantile, was in a very depressed state. The 
successful enterprise of Drake, and the fear of the Spanish 
Armada, aroused the energies of the country, and the force 
collected to resist the invasion amounted to 197 vessels of 
various descriptions, of the aggregate butthen of nearly 
80,000 tons; thirty>four of which, measuring together 
12,600 tons, composed the royal navy. It is true, that by 
far the larger portion were of small force. One only, the 
Triumph, was of 1 100 tons ; another, the White Bear, was 
of 1000 tons ; two were of 800 tons, three of 600, six of 
500, and five of 400; sixty-six were under 100 tons; and 
fifteen were victuallers, of which the tonnage is not men^ 
tioned. There are also seven other vessels included in the 
197, which have no tonnage assigned them ; but they must 
have been of small size, the number of mariners on board 
the whole seven being only 474. We have very conclusive 
means of comparing the Spanish with the English ships, and 
also of judging how very little naval arrangements were 
then understood, from their imperfect state even on board 
a fleet which had occupied die whole attention of the 
Spanish authorities for a space of three years, exemplified 
in the following anecdote ; Burchett, in his account of the 
action of the 23d of July 1588, says, " The great guns on 
both sides thundered with extraordinary fury, but Die shot 
from the high-built Spanish ships flew over the heads of the 
English without doing any execution ; one Mr Cock being 
the only Englishman who fell, while he was bravely fighting 
against the enemy in a small vessel of his own." 

The Spaniards appear to have been the first to introduce Three- 
a third tier of guns, the earliest mention of a three* decker <^eeked 
being the Philip, a Spanish ship engaged in the action "^^P"* 
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commis- 
sion, 



Hiftory. off the Azores in 1591, with the Revenge, commanded by 
'**'*-v^'^ Sir Richard Greenvil. The following armament of the 
Philip is extracted from a most spirit-stirring account of this 
tremendous action, which was written by Sir Walter Raleigh, 
and has been preserved by Hackluyt. " The Philip carried 
three tire of ordnance on a side, and eleven pieces in euerie 
tire. She shot eight forth right out of her chase, besides 
those of her stem portes." 

We do not appear to have followed the example set by 
the Spaniards ; for, during the long reign of Elizabeth, the 
ships of the royal navy were not much, if at all, increased in 
their dimensions, which was probably owing to the triumph- 
ant successes of her fleets, though, as we have seen, they 
were composed of ships generally much smaller in size than 
those opposed to them. We find from the list of the royal 
navy at the time of her death, in 1603, given by Sir William 
Monson in his tracts, that of forty-two ships composing the 
navy, there were then only two ships of 1000 tons, three of 
900, three of 800, two of 700, four of 600, four of 500, and 
there were eight under 100 tons burthen. Two of these 
ships, the Triumph and the White Bear, are rated in this 
list each at 100 tons less burthen than in the list of the 
fleet in the year 1588, which we have already noticed. 
James I. Shortly after the accession of James to the throne, seve- 
K^^rt of ral commissions were appointed to inquire into the state of 
the navy. From that of the year 1618, a very voluminous 

Zrt emanated, of which the following is an extract, that 
ds an example of the state of knowledge on naval archi- 
tecture at that time. *' The next consideration is the man- 
ner of building, which ^in shipps of warr is of greatest im- 
portance, because therein consists both their sayling and 
force. The shipps that can saile best can take or leave (as 
they say), and use all advantages the winds and seas does 
afibrd ; and their mould, in the judgment of men of best 
skill, both dead and alive, should have the length treble to 
the breadth, and breadth in like proportion to the depth, 
but not to draw above sixteen foote water, because deeper 
shipps are seldom good saylers, and ever unsafe for our rivers, 
and for the shallow harbours, and all coasts of ours, or 
other seas. Besides, they must bee somewhat snugg built, 
without double gallarys, and too lofly upper workes, which 
overcharge many shipps, and make them coome faire, but 
not worke well at sea. 

" And for the strengthening the shipps, wee subscribe to 
the manner of building approved by the late worthy prince, 
the lord admn., and the officers of the navy (as wee are in- 
formed), on those points. 

'M. In makeing 3 orlopes, whereof the lowest being 
placed 2 foote under water, both strengtheneth the shipp, 
and though her sides bee shott tlirough, keepeth it from 
bildgeing by shott, and giveth easier meanes to finde and 
stopp the leakes. 

•* 2. In carrying their orlopes whole floored throughout 
from end to end, without fall or cutting off y® wast, which 
only to make faire cabbins, hath decayed many shipps. 

** 3. In laying the second orlope at such convenient 
height that the portes may beare out the whole fire of or- 
dinance in all seas and weathers. 

** 4. In placeing the cooke roomes in the forecastle, as 
otherr war shipps doe, because being in the midshipps, and 
in the hold, the smoake and heate soe search every comer 
and seame, that they make the okam spew out, and the 
shipps leaky, and soone decay ; besides, the best roome for 
stowage of victualling is thereby soe taken up, that trans- 
porters must be hyred for every voyage of any time ; and, 
which is worst, when all the weight must bee cast before 
and abaft, and the shipps are left empty and light in the 
midst, it makes them apt to sway in the back, aa Uie Guard- 
land and divers others have done.** 

This commission was followed by several others during 
this and the succeeding reign, and from their reports arose 



many regulations tending much to the Improvement of the History, 
navy, although the expenses incurred were, ostensibly at '^-""v*'-^ 
least, in part the means of causing the subsequent revolution. 

In the early part of the reign of James 1. the mercantile Mercantile 
navy of England was reduced to a very low state, most of shipping ©^ 
the commerce beiqg carried on in foreign bottoms. The*^P^"*^ 
incitement offered by the advantageous trade which the 
Dutch had long engaged in to India at length aroused the 
natio/i, and the formation of the East India Company, which 
was the act of James, was followed by the building of the 
largest ship that had yet been constructed for the purposes 
of commerce, at least in England. The king dined on board Trade's In- 
of her, and gave her the name of the Trade's Increase. She is crease, 
reported to have been of the burthen of 1 200 tons. The im- 
petus once given, before the end of the reign of James an 
important mercantile navy was owned by British merchants. 

Another interesting fact connected with this reign is the Ship- 
founding of the Shipwrights* Company, in the year 1605, wrights* 
and which was incorporated by a charter granted to the ^®"P«"y* 
" Master, Warden, and Commonality, of the Art or Mys- 
tery of Shipwrights," in May 1612. Mr Phineas Pett, of 
whom we shall presenUy speak, was the first master. The 
draughts for the ships of the royal navy were subsequentiy Dranghts 
ordered to be submitted to this company for approval pre-<>f *hip* ^^ 
viously to being built from. They also had jurisdiction over ^^ "•^y* 
all builders, whether of the royal navy or of mercliant shipping. 

In 1610 the Koyal Prince was launched; she was the Royal 
lareest ship which at that time had been built in England, Prince, 
and was also a most decided improvement in naval archi- 
tecture. The great projection of the prow, a remnant of 
the old galley, was for the first time discontinued, and the 
stem and quarters assimilated more to those of a modern 
ship than to any which had preceded her. She is thus de- 
scribed in Stow's Chronicles : '* A most goodly ship for warre, 
the keel whereof was 114 feet in length, and the cross beam 
was 44 feet in length ; she will carry 64 pieces of ordnance, 
and is of the burthen of 1400 tons. The great workmaster 
in building this ship was Master Phineas Pett, Gentieman, 
some time master of arts at Emanuel College, Cambridge." 

The same gentieman, Mr Phineas Pett, continued thePhinaas 
principal engineer of the navy during the reign of Charles. Pett. 
The family of the Petts were the great instruments in the 
improvement of the navy, and, if the term may be allowed, 
of modemizmg it, by divesting the ships of much of the 
cumbrous top-hamper entailed on them from the castellat- 
ed defences which had been necessary in, and which yet 
remained from, the hand-to-hand encounters of the middle 
ages ; and it is probable that, but for the taste for gorgeous 
decoration which prevailed during the seventeenth century, 
this ingenious family would have been able to effect much 
more; as it was, tiiey decidedly rendered England pre- 
eminentiy the school for naval architecture during the time 
they constructed its fleets. This family can be traced as Tbe Petts. 
principal engineers for the navy from about the middle of 
the fifteenth century to the end of the reign of William III. 

Evelyn, in his Diary, relating a conversation, says, " Sir First frl- 
Anthony Deane mentioned what exceeding advantage we gate, 
of this nation had by being the first who built frigates, the 
first of which ever built was that vessell which was after- 
wards called the Constant Warwick (built in 1646), and was 
the work of Pet of Chatham, for a trial of making a vessell 
that would sail swiftly. It was built with low decks, the guns 
lying near the water, and was so light and swifl of sailing, 
that in a short time she had, ere the Dutch war was ended, 
taken as much money from privateers as would have laden 
her.** The dimensions of this vessel are given in Pepys's 
Miscellanies as follows: Length of the keel eighty-five feet, 
breadth twenty-six feet five inches, depth thirteen feet two 
inches, and 315 tons burthen ; her ** highest number of 
guns" thirty-two, and of crew 140. 

Peter Pett, who built the Constant Warwick, was the son Peter Pett 
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History, of Fhineas Pett. He caused tl^e fact of his being the in- 
]^r'^^^r^^ ventor of the frigate to be recorded on bis tomb. He was 
FmUhree- jgQ ^^ builder of the Sovereign of the Seas, in 1637, which 
was the first three-decker built in England. Her length 
over all is stated to have been 232 feet, her length of keel 
128 feet, her main breadth forty-eight feet, and her tonn^e 
1637. Hey wood describes her in the following terms : ^'She 
hath three flush deckes and a forecastle, an halfe decke, 
a quarter decke, and a round-house. Her lower tyre hath 
thirty ports, which are to be furnished with demi-cannon 
and whole cannon throughout, being able to beare them. 
Her middle tyre hath cdso thirty ports for demi-culverin 
and whole culverin. Her third tyre hath twentie-sixe ports 
for other ordnance. Her ft>reca8tle hath twelve ports, and 
her halfe decke hath fburteene ports. She hath thirteene 
or foureteene ports more within board for murdering peeces, 
besides a great many loope-holes out of the cabins for mus- 
ket shot. She carrieth, moreover, ten peeces of chase ord- 
nance in her right forward, and ten right aff ; that is, ac- 
cording to land service, in the front and the reare. She 
carrieth eleaven anchors, one of them weighing foure thou- 
sand' foure hundred, &c. ; a^d according to these are her 
cables, mastes, sayles, cordage, which, considered together, 
seeing Majesty is at this infinite charge, both for Uie ho- 
nour of his nation, and the security of his kingdome, it 
should bee a spur and encouragement to all his faithful and 
loving subjects to bee liberall and willing contributaries to- 
wards the ship money.'' Plate CCCCXLIX. 

Of this ship. Fuller, in his Worthies, says, ^ The Great 
Sovereign, built at Woolwich, a leiger ship for state, is the 
greatest ship our island ever saw; but great medals are 
made for some grand solemnity, while lesser coin are more 
current and passable in payment." She was afterwards cut 
down one deck, and remained in the service, with the cha- 
racter of the best man-of-war in the world, until the year 
1696, when she was accidentally burnt at Chatham. 
Sir Walter About this time, 1650, appeared the first work connected 
Raleigh's ^th naval improvement ever written in this country, and 
works : ^y ^^^ j^^^ celebrated an author than Su: Walter Raleigh, 
of SMp^*^ It is very probable that his two discourses, the one on the 
ping; Con- Invention of Shipping, the other Concerning the Royal 
oerninff the Navy and Sea-Service, had great influence in creating die 
Rojral If a vy Interest which was evidently taken about this period in the 
and Sea- improvement of the navy. Sir W^alter says, " Whosoever 
were the inventors, we find that every age had added some- 
what to ships and to all things else. And in my owne time 
the shape of our English ships hath been greatly bettered. 
It is not long since <be striking of the top-mast (a wonder- 
fully great ease to great ships both at sea and harbour) hath 
been devised. Together with the chaine-pumpe, which takes 
up twice as much water as the ordinary did, we have lately 
added the bonnett and the drabler. To the courses we have 
devised studding-sayles, top-gallant-sayles, sprit-sayles, top- 
sayles. The weighing of anchors by the capstane is also 
new. We have fallen into consideration of the length of 
cables, and by it we resist the malice of the greatest winds 
that can blow ; witnesse our small Milbroke men of Come- 
wall, that ride it out at anchor half seas over betweene Eng- 
land and Ireland all the winter quarter ; and witnesse the 
Hollanders that were wont to ride before Dunkirke with 
the wind at north-west, making a lee-shore in all weathers ; 
for true it is that the If ngth of the cable is the life of the 
ship in all extremities ; and the reason is, because it makes 
so many bendings and waves as the ship riding at that 
length is not able to stretch it, and nothing breaks that is 
not stretched. In extremity, we carry our ordnance better 
than we were wont, because our nether-overloops are raised 
commonly from the water, to wit, betweene the lower part 
of the port and the sea. We have also raised our second 
decks, and given more v^it thereby to our ordnance, tying 
in our nether-overloope. 



Service. 



" We have added crosse pillars in our royall ships to Hittory. 
strengthen them, which being fiistened from the kelson to the ^""^"^W"^ 
beams of the second decke, keepe them from setling or from 
giving away in all distresses. 

*^ We have given longer floares to our ships than in elder 
times, and better bearing under water, whereby they never 
fall into the sea afler the head, and shake the whole body, 
nor sinck sterne, nor stoope upon a wind, by which the 
breaking loose of our ordnance, or the not use of them, 
with many other discommodities, are avoided. And to say 
the truth, a miserable shame and dishonour it were for our 
shipwrights, if they did not exceed aU other in the setting 
up of our royall ships, the errors of other nations being farre 
more excusi^le than ours. For the kings of England have 
for many years been at the charge to build and furnish a 
navy of powerfull ships for tiieir owne defence, and for the 
wars only ; whereas the French, the Spainards, the Fortu- 
galls, and the Hollanders (till of late), have had no proper 
fleete belonging to their princes or states. 

'< Only the Venetians for a long time have maintained 
their arsenal of gallyes, and the kings of Denmark and 
Sweden have had good ships for these last fifty years. I say, 
Uiat the forenamed kings, especially the Spainards and For- 
tugalls, have ships of great bulke, but fitter for the mer- 
chant than the man of warre, for burthen then, for battaile. 
...Although we have not at this time 135 ships belong- 
ing to the subjects of 500 tuns each ship, as it is said we 
had in the 24th yeare of Queen Elizabeth, at which time 
also, upon a generall view and muster there were found in 
England, of all men fit to beare arms, eleaven hundred and 
seventy-two thousand ; yet are our merchants' ships now 
farre more warlike and better appointed than they were, 
and the royal navy double as strong as then it was.... We 
have not therefore lesse force than we had, the fashion and 
furnishing of our ships considered ; for there are in England 
at this time 400 saile of merchants fit for the wars, which 
the Spainards would call gallions ; to which we may add 200 
saile of crumsters or hoyes, of Newcastle, which each of 
them will bear six demi-culverins, and foure sakers, needing 
no other addition of building than a slight spar-decke fore 
and afte, as the seamen call it, which is a slight decke 
throughout. The 200 which may be chosen out of 400, by 
reason of their ready staying and turning, by reason of tiieir 
windwardnesse, and by reason of their drawing of Httle water, 
and they are of extreame vantage neere the shoare, and in 
all bayes and rivers to turn in and out ; tliese, I say, alone, 
well manned and well conducted, would trouble the greatest 
prince in Europe to encounter in our seas ; for they stay and 
turn so readily, as, ordering them into small squadrons, three 
of them at once may give their broad-sides upon any one 

?'eat ship, or upon any angle or side of an enemy's fleet, 
hey shall be able to continue a pei^etuall volley of demi- 
culverins without intermission, and either sink or slaugh- 
ter the men, or utterly disorder any fleete of crosse saUes 
with which they encounter. 

" I say, then, if a vanguard be ordained of these hoyes, 
who will easily recover tlie wind of any other ships, widi a 
battaile of 400 other warlike ships, and a reare of thirty of 
his nuyestie's ships to sustaine, relieve, and countenance the 
rest (if God beat them not), I know not what strength can 
be gathered in all Europe to beat them. And if it be ob* 
jected that the states can furnish a farre greater number, I 
answer, that his majestie's forty ships, added to 600 before 
named, are of incomparable greater force than all that HoU 
land and Zedand can furnish for wars.** 

In the foregoing extract, we have strong evidence that ships of 
the ships of the royal navy were generally inferior to those roval nary 
employed by the merchant-service, in the essential qualifi- inferior to 
cations of being weatherly. This is exactly the conclusion J?*?"*"'**" 
that miffht be arrived at firom the consideration, that a pri- ^ 
vaie in£vidual would dispense with all that superabundance 
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History, of top^hamper which was entailed on the ships of the royal 
* navy, by the accommodation required for the numerous 
officers and gentlemen generally embarked on board them, 
and also by S\e mania for gorgeous decorations. This mania 
is well exemplified by the fact, that of the Sovereign of 
the Seas it is stated, ** she beareth five lanthomes, the 
biggest of which will hold ten persons to stand upright, and 
without shouldring one another." 

Sir Walter Raleigh, in his Discourse on the Royal Navy 
and Sea-Service, adverts to the same subject. He says, 
** We find by experience, that the greatest ships are lesse 
serviceable, goe very deep to water, and of marvellous charge 
and fearefull cumber, our channells decaying every yeare. 
Besides, they are lesse nimble, lesse maineable, and very 
seldome imployed. Grande navio, grande fatica^ saith the 
Spainard ; a ship of 600 tons will carry as good ordnance as 
a ship of 1200 tons ; and though the greater have double the 
number, the lesser will turne her broad sides twice before 
the greater can wend once ; and so no advantage in that 
overplus of ordnance. And in the building of all ships, 
these six things are principally required. 1. First, that she 
be strong built ; 2. Secondly, that she be swift ; 3. Thirdly, 
that she be stout sided ; 4*. Fourthly, that she carry out her 
guns all weather ; 5. Fifthly, that she hull and try weD, 
which we call a good sea ship ; 6. Sixthly, that she stay 
well when bourding and turning on a wind is required. 

'M. To make her strong, consisteth in the truth of the 
workeman and the care of the officers. 

^* 2. To make her sayle well, is to give a long run for- 
ward, and so afterward done by art and just proportion. For, 
as in laying out of her bows before, and quarters behind, 
she neither sinck into nor hang in the water, but lye cleare 
off and above it ; and that the shipwrights be not deceived 
herein (as for the most part .they have ever been), they 
must be sure that the ship sinck no deeper into the water 
than they promise, for otherwise the bow and quarter will 
utterly spoile her sayling. 

** 3. That she be stout, the same is provided and per- 
formed by a long bearing floore, and by sharing off above 
water even firom the lower edge of the ports. 

" 4. To carry out her ordnance all weather, this long 
bearing floore, and sharing off from above the ports, is a 
chiefe cause, provided alwayes tliat your lowest tyre of ord- 
nance must lye foure foot cleare above water when all load- 
ing is in, or else those your best pieces will be of small use 
at the same in any growne weather that makes the billoe to 
rise, for then you shall be enforced to take in all your lower 
ports, or else hazard the ship. 

'^ 5. To make her a good sea ship, that is, to hull and trye 
well, there are two things specially to be observed ; the one 
that she have a good draught of water, the other that she 
be not overcharged, which commonly the king's ships are, 
and therefore in them we are forced to lye at trye with our 
maine course and missen, which, with a deep keel and 
standing streake, she will performe. 

** 6. The hinderance to stay well is the extreame length 
of a ship, especially if she be floaty and want sharpnesse of 
way forwards ; and it is most true, that those over-long ships 
are fitter for our seas than for the ocean ; but one hundred 
foot long, and five and thirty foot broad, is a good proportion 
for a great ship. It is a speciall observation, that all ships 
sharpe before, that want a long floore, will fall roughly into 
the sea, and take in water over head and ears. 

*' So will all narrow quartered ships sinck after the tayle. 
The high charging of ships is it that brings them all ill qua- 
lities, makes them extreame leeward, makes them sinck 
deep into the water, makes them labour, and makes them 
overset Men may not expect the ease of many cabbins, 
and safety at once, in sea-service. Two decks and a half is 
sufficient to yield shelter and lodging for men and mariners, 
and no more charging at all higher, but only one low cab- 



bin for the master. But our marriners will say, that a ship History, 
will beare more charging aloft for cabbins, and that is true, ^^-'v^*^ 
if none but ordinary marryners were to serve in them, who 
are able to endure, and are used to, the tumbling and rowl- 
ing of ships from side to side when the sea is never so little 
growne ; but men of better sort and better breeding would 
be glad to find more steadinesse and lesse tottering cadge 
work. And albeit, the marriners doe covet store of cab- 
bins, yet indeed they are but sluttish dens, that bread sick- 
nesse in peace, serving to cover stealths, and in fight are 
dangerous to teare men with their splinters." 

In Fuller's Worthies, we have also a short summary of Fuller'g 
the comparative qualities of the ships of different nations in Worthies. 
the middle of the seventeenth century. It is as follows : 
" First, for the Portugal, his carvils and caracts, whereof 
few now remain (the charges of maintaining them far ex- 
ceeding the profit they bring in) ; they were the veriest 
drones on the sea, the rather because formerly their seeling 
was dam'd up with a certain kind of morter to dead the shot, 
a fashion now by them disused. 

** The French, however dexterous in land-battles, are 
left-handed in sea-fights, whose best ships are of Dutch 
building. The Dutdi build their ships so floaty and buoy- 
ant, they have little hold in the water in comparison to ours, 
which keep the better winde, and so outsail them. 

<< The Spanish pride hath infected their ships with lofti- 
ness, which makes them but the fairer markes to our shot. 
Besides, the winde hath so much power of them in bad 
weather, so that it drives them two leagues for one of ours 
to the leeward, which is very dangerous upon a lee shore. \ 

" Indeed the Turkish frigots, especially some thirty-six 
of Algier, formed and built much nearer fiie English mode, 
and manned by renegadoes, many of them English, being 
already too nimble heePd for the Dutoh, may hereafter 
prove mischievous to us, if not seasonably prevented." 

During the early part of the seventeenth century, the Rise of 
Dutch navy rapidly increased in importance. Their sue- Dutch na^ 
cess in having wrested from the Portuguese a share of the^*^ power, 
commerce of the east, emboldened them, in the then de- 
pressed state of the Spanish marine, to make a similar at- 
tempt on the west, and endeavour to establish settlements 
in South America. 

The wars with Spain, in which they were consequently 
engaged, had such an important effect in establishing their 
maritime power, that in 1650 their navy consisted of 120 
vessels fitted for war, seventy of which had two tiers of 
guns ; and then: fleet was in all respects the most efficient 
in Europe. 

Evelyn, in his tract on Navigation and Commerce, speak- Evelyn's 
ing of the fisheries, says, ** Holland and Zeeland alone Nairiga- 
should, fix)m a few despicable boats, be able to set forth ^o»» ^^ 
above 20,000 vessels of all sorts, fit for the rude seas, of ^^^J^ 
which more than 7000 are yearly employed upon this oc- 
casion. 'Tis evident that by this panicular trade they are 
able to breed above 40,000 fishermen and 116,000 mari- 
ners, as the census (1639) has been accurately odculated." 

The tremendous struggle in which they were enabled by 
these means to engage with us shortly a^er this period, in 
consequence of the injurious operation of the navigation act 
on their commerce, had a most influential effect on the im- 
provement of our navy, which at the commencement of the 
contest was very unequal to that of the Dutch ; and it is 
probable that this war was the means of enabling us to con- 
tend triumphantly against the immense and unexpected at- 
tempts of Louis XIV. to wrest the sceptre of the seas from 
our grasp. 

The sovereigns of the house of Stuart, without excep- Charles L 
tion, appear to have devoted much attention to the improve- 
ment of the navy. Charles I. may be almost said to have 
lost both crown and life in consequence of these efforts ; 
nor would it be doing justice to Cromwell to omit mention 
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HUtorjr. of the energy with which he took advantage of the all but 
^**'v-"-^ despotic power which he Dossessed to increase his naval force. 
For this purpose not only many ships were built during the 
protectorate, but numbers of merchant-vessels were bought 
for the service df the state. 
Charles II. After the restoration, Charles II. pud great personal at- 
His perao- tention even to the minutiae of his navy, as we find by the 
nal atten- following curious extract firom a letter of his to Prince Ru- 
22!1 build- perti preserved in the state-papers, and also by continual 
ing and * references to his naval predilections in Evelyn's and Pepys's 
naval af- Memoirs and writings. The letter is dated 4th August 
fiun. 1673. It says, *' I am very glad the Charles does so well ; 

a gerdeling this winter when she comes in will make her the 
best ship in England ; next summer, I believe, if you try 
the two sloops that were builte at Woolidge that have my 
invention in them, thev will outsail any of the French sloops. 
Sir Samuel Mooreland has now another fancy about weigh- 
ing anchors ; and the resident of Venice has made a model 
also to the same purpose. We have not yet consulted them 
with Mr Tippet nor Mr Deane ; but hope when they are 
well considered, we may find one out of them that will be 
good." 
Sir Antho* In Pepys's Diary, 19th May 1666, we find tlie following 
ny Deane. notice relating to one of the gentlemen mentioned in the 
above letter : ** Mr Deane and I did discourse about his 
ship the Rupert, which succeeds so well, as he has got great 
honor by it, and I some by recommending him. The king, 
duke, and every body, say it is the best ship that was ever 
built. And then he fell to explain to me his manner of 
casting the draught of water which a ship will draw before- 
hand, which is a secret the king and all admire in him ; and 
he is the first that hath come to any certainty beforehand 
of foretelling the draught of water of a ship before she be 
First ap- launched.** This gendeman appears therefore to have been 
plication of the first who applied mathematical science to naval archi- 
"?*J^*" lecture in this country. Pepys also says, " another great 
lation to^"' ®'®P ^^^ improvement to our navy, put in practice by Sir An- 
naval ar- thony Deane,'' was effected in the Warspight and Defiance, 
cfaitecture. whidi were *' to carry six months' provisions, and their guns 
to lie 4^ feet from the water." This was in 1665. 



We have hitherto in our historical sketch several times Histoij. 
adverted to the probability that the merchant-shipping ^^^T'y"*^ 
England were superior in their sea-going qualities to ^^^^Ik^^ 
composing the royal navy. In a ** Discourse touching the ^^ ^' 
Past and Present State of the Navy," by Sir Robert Slinge- 
by, knight-baronet, and comptroller of the navy, dated 1669, 
we have the following interesting statement, which points 
to a reason why this superiority of the merchant-shipping 
may have existed. ** But since these late distractions be- Decay of 
gan at home" (the Commonwealth), « forrdgne trade de-°»"»ntile 
cayed, and merchants so discouraged from building, that^^' 
there hath been scarce one good merchant-ship built these 
twenty years past ; and of wl^ were then in being, either by 
decayes or accident, ther^ are very few or none remaining. 
The merchants have found their private conveniences in 
being convoyed att the publick charge ; they take noe care 
of nuking defence for themselves if a warr should happen." 
Yet he says in the time of Charles I. ^ the merchants con- 
tinued their trade during the wars with France and Spain, 
if there could but two or three consort together, not care- 
ing who they met," they being little inferior in strength or 
burthen to the ships of the royal navy. The Discourse ex- 
presses much regret at this decay in the importance of the 
mercantile shipping, and recommends that measures should 
be taken to check the evil. 

About 1684 Sir Richard Haddock, comptroller of the Sir Rich. 
navy, adopted the example already set by Mr, afterwards ard Had. 
Sir Anthony Deane, and directed an inquiry to be made as^^* 
to ** the number of cube feet that are contained in the First am- 
bodyes of several draughts to their main water-line, when lysis of the 
all materialls are on board fitt for saileing." The result of^**^*^»"^> 
this inquii7 was a very voluminous statement of the weights 
which made up the whole displacement of the fourth, fifth, 
and sixth rate ships, including minute details of their masts, 
yards, armament, &c accompanied by perfect drawings of 
each ship. The original document is now in the possession 
of the writer of this article, having successively belonged 
to Sir Jacob Ackworth, Sir Jacob Wheate, and Mr Edward 
Hunt The following table contains the dimensions and 
displacements, &c. of each dass. 



Table of Dimensions, from a Manuscript dated 1684. 



pianke 

The center 
of the, 



Length on the gun-deck ttom the rabbitt 

of the stem to the rabbitt of the post 
Maine breadth to the outside of the 

outboard pianke 

Depth in hold from the seeling to the 

upper side of the beame , 

Breadth at the afte side of the mainel 

transome / 

fore \ mast from the i 

maine.. > rabbitt of the-] 
mizlon.) stem ( 

»«ft«f-t«' {^Z 

Number of tuns, tunage «... 

Number of men (in warr) 

Number of guns 

Cube feet in the several draughts to) 
tiieir main waterUne ] 

Weight of each ship*s hull, and all man. > 

ner of materials on board y 

£ach ship's hull at first launching. 

Burthen in tuns, what she will really ) 

No. of months* proviidona and water. 



terf* 



A Fint Fourth' 
rate near the 
largest dimcn- 



Feet. Is. 
124 6 

36 

14 

21 

6 9 

6 

6 6 

13 6 
69 

102 

14 6 
16 10 

886 

260 

60 

29,814 
Tt. ct. qr. 
851 16 2 
418 
433 16 2 
4 



lb. 



A Second 

Fourth-rate 

near the dUmen- 

lioDfl of the Ad- 



Feet. In. 
116 6 

32 9 

13 2 

18 4 

6 

6 

6 3 

12 9 
62 
96 9 

13 6 
16 

680 

180 

44 

22,346 

Tfl. ct. qr. tb. 

8638 9 

0314 

81324 9 

3 



A Flftb-rate of 

the largest di- 

mentlou. 



Fccc In. 
103 9 

23 8 

U 4 

18 

6 
6 
6 7 
9 10 
64 6 
84 

12 

13 
362 
136 

34 

13,196 
Ts. ct. qr. lb. 


16216 
3 



16377 
0160 



A First Sixth, 
rate. 



Feet. In. 

87 8 

23 6 

10 9 

14 

6 7 



6 

7 

46 
71 



9 8 
10 8 

86 
24 

8906 
Ti. ct. qr. lb. 

9 
120 

9 161 

2 



3254 



0134 



A Second Sixth- 
rate. 



A Sixth, 
rate of the 
largest dl. 



Feet. In. 
70 3 

21 6 



13 
6 



10 


6 



6 2 
6 6 



36 
67 



8 6 

9 6 

"70 
18 

6790 

Ts. ct. qr. 



98 



16194 



Feet. In. 

92 6 

23 6 

11 9 

14 



10 
60 
73 
10 
11 



230 
90 
22 



Ts. 



136 



A Sixth 
rateof tiM 



Feet. In. 

93 

22 9 

10 

16 



9 6 
49 6 

74 

8 

9 
220 

90 
24 



Ta. 



130 
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Hifltorf. 
James II. 



James 11^ (torn having so long and so gloriously filled 
' the office of Lord High Admiral while Duke of York, was 
perfectly aware of the requirements of the navy ; and du- 
ring his short reign he paid great attention to increasing 
its efficiency. He also especially directed inquiries into the 
question of the durability of timber for the construction of 
it, and carefully accumi^ated both materials and stores for 
^ its maintenance. It is not a little curious that it was pro- 
bably the attention which the monarchs of the line of 
Stuart had bestowed on the naval service, which enabled 
it so triumphantly to resist the persevering attempts of 
Louis XIV. to recover for them the throne of their an- 
cestors. 
The Bevo- Though England was at the Revolution possessed of an 
lution. efficient fleet, manned by experienced seamen, who had all 
the confidence arising from a series of naval triumphs, it 
must be remembered that for a long period no opposition 
to her naval superiority had been anticipated from any other 
power than Holland; and consequently the fleets of England 
were composed of ships which had many of them been built 
to adapt them to this service, for which small dimensions 
and light draughts of water were essential qualifications, on 
account of the shoalness of the Dutch coast. 
William William was too cautious a monarch to have neglected 
III. so important a means of national defence, as was the navy 

when engaged with such an ambitious and energetic oppo- 
nent as Louis XIV. ; and we find that the navdf force was 
considerably increased, both numerically and in dimensions, 
during his reign. But the triumphs of our armies under 
Marl^rough having for a time aiverted the attention of 
the nation from naval affairs, it fell into decay during the 
reign of his successor. 
LouisXIV. When Louis XIV. determined to dispute with England 
for the sovereignty of the seas, he was not only witlwut a 
navy, but without the means of forming one. The mili- 
tary and commercial marine of France had ceased to exist. 
Rise of The sanguine temperament of the monarch, and the wis- 
Frenchna-dom of his minister Colbert, removed all obstacles; com- 
power, mgrcg began to flourish on the quays, merchant-vessels to 
crowd the ports ; dock-yards, harbours, and shipping appear- 
ed simultaneously to start into existence ; and the nation, 
which almost for centuries had been essentially military, 
felt constrained to turn its energies to commerce and to 
the sea. A navy which in 1661 consisted of some four or 
five small vessels, in little more than ten years bearded and 
baffled the combined fleets of Holland and of Spain, and 
asserted the sovereignty of the Mediterranean. In 1681 
her fleets consisted of 115 line-of-batde ships, manned by 
36,440 men, with 179 smaller ships, the crews of which 
amounted to 3037 men ; and in 1690 a fleet of eighty-foiur 
vessels of war, out of which three were of a hunted guns 
and upwards, and ten others were above eighty-four guns, 
with twenty-two fire-ships, was cruizing in the British seas. 
It is true that these mighty armaments failed in fulfilling 
the ambitious designs of Louis. But the severity of the 
struggle, which at length ended in the annihilation of his 
hopes, and in our triumphant assertion of our naval supe- 
riority, must always c^rve as an example of the danger we 
may incur by too great confidence in that superiority. 
Campari- We have the following comparison between Uie French 
son be- and British ships of about this period, from an official con- 
tween temporary paper, by a gentieman of the name of Gibson : 
^^F*^ h ** ^^^ ^*"^* being for the most part shorter, are made to 
Sps."''*^ carry more shott than e, French gunB of like weight, there- 
fore the French guns reach further, and ours make a bigger 
hole. By this the French has the advantage to fight at a 
distance, and wee yard-arm to yard-arm. The like advan- 
tage wee have over them in shipping; although tiiey are 
broader and carry a better saile, our sides are thicker, and 
better able to receive their shott ; by this they are more 
su]]rject to be sunk by gunn shott than wee.* 



The paper also complains much of the injudicious ma- History, 
nagement of our shipping, by which it says, " many a fast ^*T"V"*^ 
sayling shipp have come to loose that property, by being ^."J"^^" 
over-masted, over-rigged, over-gunned (as the Constant "^jj"2|^ 
Warwick, from twenty-six gunns, and an incomparable ofroyal 
sayler, to forty-six gunns and a sluggX over-manned (vide navy, 
all the old shipps built in the parliiunent time now left), 
over-built (vide the Ruby and Assurance), and haveing 
great tafferUls, gallarys, &c., to the making many formerly 
a stiff, now a tender-sided shipp, bringing thereby their 
head and tuck to lye too low in the water, and by it takeing 
away their former good property in steering, sayling, ^&c. 
The French by this defect of ovn make warr with the 
sword (by sending no small shipps of warr to sea, but clean), 
and wee, by cruseing in fleetes, or single shipps foule, with 
bare threates." 

Chamock draws some curious parallels between the state Cbamock*s 
of the two navies of France and EnglanJ during the earlier opl°lf>°> 
half of the eighteenth century, which may be summed up'?.*^ P*"^ 
in a few words. That when the French took an English ^ ^' 
ship, it was seldom admitted into their navy ; or, if admitted, 
it was only at a much lower rating, as, for instance, the Pem- 
broke, a sixty-four in our service, became a fifly-gun ship 
in theirs. That in cases when an English fleet was in 
chase of a French fleet, it was ships whicli were British built 
which fell into our possession ; but that almost on every oc- 
casion the French ships could evade ours. That the losses 
sustained in the French navy by foundering at sea, or by 
wrecks, were principally those ships which had been taken 
from us. That, on the contrary, the favourite ships in our 
fleets were those which had been taken from the French, 
and the instances in which French ships in our service were 
ever recovered possession of by them were extremely rare ; 
we as far excelling them in all that related to the ma- 
noeuvres and management of ships as they did us in design- 
ing them. 

In consequence of the littie attention bestowed upon the 
navy during the land- triumphs of Marlborough, it was found 
absolutely necessary, at the commencement of the reign of 
George I. that vigorous measures should be taken to re- 
establish it. Much pains were bestowed during this and the 
succeeding reign of George II. to improve its efficiency. 
The dimensions and the armament of tiie ships composing 
it underwent frequent revisals, and many valuable acces- 
sory improvements were made. Still it was evident that 
the perfect seamanship of the officers, and the undaunted 
valour of their crews, were frequentiy rendered nugatory 
by the superior qualities of the ships of their opponents, and 
the nation reaped little more than empty honour from 
the contests in which she engaged; the heavy sailers 
of England being unable to prevent her colonies and her 
commerce from suffering severely from the attacks of the 
light squadrons of her enemies. The naval commanders 
of England were constant in their complaints of the com- 
parative inferiority in speed, in stability, and in readiness 
of manoeuvring, of the ships under their command. 

In a letter from Sir George (afterwards Lord) Rodney, Ix)rd Rod- 
dated the 31st May 1780, to Mr Stephens, the secretary of ney. 
the Admiralty, is a passage which proves in a remarkable 
degree the truth of the above statement. '^ Nothing could 
induce them (the French fleet), to risk a general action, 
though it was in their power daily. They made, at differ- 
ent times, motions which indicated a desire of engaging, 
but their resolution failed them when they drew near ; and 
as they sailed far better than his majesty's fleet, they with 
ease could gain what distance they pleased to windward." 

One great cause of the inferiority of our ships arose from Cause of 
the practice which prevailed during the first half of the inferiority 
eighteenth century, through a mist&en idea of economy, ^^.^'^Kli'h 
of ** rebuilding'' old ships, so that, in fact, the forms and"^'!'^ 
dimensions of the previous oentm7 passed down in many 
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instances nearly to the end of this ; and, with little stretch 
of the imagination, we may suppose, that under a conti- 
nuation of the same ill-judged system, we should have had 
the representations of the carracks and galleons of the 
reign of Elizabeth in the fleets of the present day 1 

The French system of improvement was followed by the 
J^'^j^y Spaniards, and the capture of the Princessa in 1740, of 
Spaio. seventy guns, 165 feet in length and forty-nine feet eight 
inches in breadth, when our ships of the same force then 
building were only 151 feet long and forty- three feet six 
inches broad, caused an appeal to be made by the Admi- 
ralty to Admiral Sir John Norris, the then " naval oracle" 
of England. The consequence of the inquiries was, that 
the several master-shipwrights were directed to send in 



IttipTove- 
meDts at- 



tbe Adml 
laltj. 



lb" Admi.^ proposals for the future established dimensions of the navy ; 
' and in 1745 the Admiralty issued a new establishment for 
the dimensions of the several ratings of ships. The follow- 
ing table, taken from Derrick's Memoirs of the Royal Navy, 
contains the various established alterations firom the reign 
of Charles II. to this of 1745, which was the last. Since 



then there has been considerable improvement, but there Hirt ory. 
have been no fixed tables as established dimensions, at least ^""^v^^ 
none involving all the ratings. 

The ships built after the establishment of 1745 are re- 
ported to have been stiff, and to have carried their guns 
well, but were still inferior to those of the French ; and, 
consequently, about ten years afterwards an alteration was 
made in the draughts for the several ratings, and the di- « 
mensions were also slightly increased. It may not be un- 
interesting to remark, that the proportional breadths in 
the establishment of 1745 considerably exceeded those of 
more modem ships. Their breadth varied from ^^ to ^^ 
of their lengths ; while, at the present time, with the ex- 
ception of those built after the designs of the present sur- 
veyor of the navy, the breadths of most of our line-of-battle 
ships are within the limits of ^^ and l^ of their lengths. 
We merely state this as a historical met, not as advocat- 
ing an undue increase of breadth. The question of the re- 
lative proportions of the dimensions of ships belongs to ao- 
other portion of this article. 



An Account showing the Dimensions established^ or proposed to be established^ at different times^ for Building of Shyu* 

Extracted from Derrick's Memoirs of the Royal Navy. 



Ships of 100 Guns. 

Length on the gun-deck 

Length of the keel, for tonnage.. 

.Breadth, extreme 

Depth in hold. 

Burthen in tons 

90. 

Length on the gun-deck 

Length of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 

80. 

Length on the gun^eck 

Length of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 

70. 

Length on the gun.deck 

Ijength of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 



EsUblUhment of 



1677. 



Length on the gun-deck 

Length of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 

60. 

Length on the gun-deck 

Length of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold * 

Burthen in tons 

40. 

Length on the gun.deck 

Length of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 

20. 

Length on the gun-deck 

I^ength of the keel, for tonnage.. 

Breadth, extreme 

Depth in hold 

Burthen in tons 



Ft. In. 
165 
137 8 
46 
19 2 
ld50 

158 

44* 
18 2 
1307 



150 

39* 8 
17 
1013 



1691. 



T" 



Ft. Id. 



156 

41" 
17 4 
1100 



144 

37 6 
15 8 
900 



Ft. In. 



162 

132 

47 6 

18 6 

1551 

156 

127 6 

43 6 

17 8 

1283 

150 

122 

41 

17 4 

1069 

144 

119 

38 

15 8 

914 

130 

108 

35 

14 

704 

118 
97 6 
32 
13 6 
531 



1719. 



Ft. In- 

174 

140 7 

50 

20 



164 

132 5 

47 2 

18 10 

1566 

158 

128 2 

44 6 

18 2 

1350 

151 

123 2 

41 6 

17 4 

1128 

144 

117 7 

39 

16 5 

951 

134 

109 8 

36 

15 2 

755 

124 

101 8 
33 2 
14 
594 

106 

87 9 

28 4 

9 2 

374 



Proposed in 



1788. 



Ft. In. 

174 

140 7 
50 
20 6 
1869 

166 

134 1 

47 9 

19 6 

1623 

158 6 

127 8 

45 5 

18 7 

1400 



151 

122 

43 5 

17 9 

1224 



144 

116 4 

41 5 

16 11 

1068 

134 

108 3 

38 6 

15 9 

853 

124 

100 3 
35 8 
14 6 
678 

106 

85 8 

SO 6 

9 5 

429 



1741. 



Ft. In. 

175 

142 4 
50 
21 
1892 

168 

137 

48 

20 2 

1679 

161 

130 10 

46 

19 4 

1472 

154 

125 5 
44 
18 11 
1291 

147 

119 9 

42 

18 1 

1123 

140 

113 9 

40 

17 2i 

968 

126 
102 6 

36 
15 54 
706 

112 
91 6 
32 
11 
498 



EctabUah. 

mentof 

1745. 



Ft. In. 
178 
144 64 
51 
21 6 
2000 

170 

138 4 
48 6 
20 6 
1730 

165 
134 10} 

47 

20 
1585 

160 

131 4 

45 

19 4 

1414 

150 

123 Oi 

42 8 

18 6 

1191 

144 

117 8i 

41 

17 8 

1052 

133 

108 10 

37 6 

16 

814 

113 
93 4 
32 
11 
508 



Roral 
Cveorge. 



The Royal George was the first ship built on the increas- 
ed dimensions, which were the result of the before*mentioned 



inquiry. She was laid down in 1746, and launched in 1756; 
and rather more than ten years afterwards, that is, in 1758, 
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Triumph 
and Va- 
liant 



History, the Triumph and Valiant of seventy-four guns were built 
on the lines of the Invincible* a French seventy-four-gun 
ship, captured in 1747. 

We give the dimensions of these ships, as they were ma- 
nifestations of an improved system, which, however, was 
not persevered in ; for, with the exception of occasionally 
building afler a French or Spanish model, the English ships 
were scarcely altered from those built at the commence- 
ment of the century. 





Royal 
George. 


Triumph and 
VaLiant. 


Lencrth on the fifun-deck. 


Feet. In. 

178 

143 54 

51 9X 

21 6 

2047 


Feet. In. 

171 3 

138 8 
49 9 
21 3 
1826 


Length of the keel, for tonnage... 
Breadth* extreme 


Deoth in hold • 


Burthen in tons.... 





Grand dis- There was still a very essenual distinction between the 
tinction navy of England and that of either France or Spain, which 
between was this ; that until afler 1763 neither of these nations had 
^ H^f****- *^y three-deckers in their fleets. Their largest armament 
^,^j^[^^ appears to have been eighty-four guns on two decks, while 



we had third-rates which were three-deckers, as the Cam- History, 
bridge and Princess Amelia, launched in 1754 and 1757, ^^^>r*"^ 
and carrying only eighty-four guns. The capture of the 
Foudroyant, a French eighty-four on two decks, in 1758, 
caused a change in this respect, by furnishing the English 
with a model for a very superior class of men-of-war, which 
was adopted. Derrick, in his Memoirs of the Royal Navy, 
says, that ** no eighty-gun ship with three decks was built 
after the year 1757, no seventy-gun ship afler 1766, nor 
any sixty-gun ship ailer 1759." 

During the peace that preceded the war with America, French- 
which commenced in the year 1768, the French had in- built three, 
troduced three-deckers into their fleets, having found their decken. 
eighty-fours on two decks to be no match for the more 
powerful of our three-deckers. Their first-rates were at 
this time generally of a hundred and ten guns on three 
decks. The Bretagne, one of these ships, was, according 
to Charnock, a hundred and ninety-six feet three inches long 
on the water line ; and her moulded breadth was fifty-three 
feet four inches. Her displacement, it is stated in SewelFs 
Collection of Papers on Naval Architecture, was 4640 
English tons. 

In 1786 the establishment of the French fleet was fixed Establish- 
by an ordinance, as according to the following table, which ment of 
we extract from Charnock. French 

fleeU. 



Length from head to stem 

Breiuith 6vm outside to out- ) 

side of the frame j 

Depth in hold 

Draught of water abaft when \ 

light ; 

Draught of water forward? 

when light ) 

Draught of water abaft when ) 

Draught of water forward) 
when laden ) ■ 

Total weight of the ship and^ 
stores when victualled and f ' 
furnished for a six months* t i 
cruise ) i 

Weight of the hull and masts... 



Ships of 130 
6ans. 



Feet In. 
196 6 



50 
25 





17 6 

14 

25 

22 8 



Tom. 
5246 



2500 



Ships of 110 



•"a 



Feet. 
186.-.185 

49 6 in, 

24 6 

17 ,4 

13 8 

24 8 

22 2 

Tons. 
4910 

2400 



Ships of 80 
Guns. 



Feet. 
184.180 

48 Oin 

23 9 

17 

12 

22 6 

21 

Tons. 
3825 

1804 



Ships of 74 
Guns. 



Feet. lo. 
170 

44 6 

22 
15 8 

10 10 

21 6 

19 10 

Tons. 
35484 

1437 



Ships of 64 
Guns. 



Feet. In. 

156 

41 

20 

14 6 

n 1 

19 9 

18 9 



Tons. 
2300 



1120 



Frigates 
carrying 1 8 
Pounders. 



Feet. In. 
144 

36 6 

18 

12 6 

8 7 

16 

15 2 

Tons. 
1479 

665 



Frigates 
carrying IS 
Poundm. 



Conrettes 

of MOUDS. 



Feet. In. 

136 

34 6 

17 6 

II 3 

8 6 

15 4 

13 9 



Tons. 
1162 



583 



Feet. In. 
112 

28 4 

14 4 
9 6 

8 5 

13 3 

11 9 

Tons. 
546 

266 



Advice- 
boats, car- 
rying four 
I Pounders. 



Feet. In. 

80 

24 

12 

8 4 

8 

11 6 

10 



Tons. 
266 



141 



George III. The ships of England continued throughout the wars of 
and George the reigns of George III. and George IV. notoriously infe- 
IV. rior to those of France and Spain. The skill of our com- 

manders, and the indomitable courage of our seamen, event- 
ually succeeded in these, as 'in all former contests, in anni- 
hilating opposition, and in triumphantly asserting our naval 
supremacy. It cannot be denied that their task would 
have been comparatively easy, accompanied with less loss 
of life and expenditure of treasure, had theu: ships been 
more upon a par with those of their opponents. 
Reasons Although so much attention appears to have been di- 
forthecon-rected at various times to the improvement of the navy, 
tinued in- not only by the servants of the crown oflScially connected 
BritSh^ ° '"^^ ^^ ^"' ^y ^^® sovereigns themselves, we have seen 
shipping. ^^ ^^^ continued inferiority of our ships to those of our 
opponents has been repeatedly asserted on undoubted tes- 
timony. The reason that all the attention thus bestowed 
failed in producing a corresponding beneficial effect was 
simply this ; that in England the speculative ideas of men, 
undoubtedly of sense and judgment, as may be seen from 
the quotations of their opinions which we have made, but 
men uninformed as to principles, were taken as the rules 
for guidance. In France, on the contrary, the aid of 
science was called in, and some of the greatest mathema- 



ticians of the time turned their attention to the improve- 
ment of the shipping of that country ; and it is a most asto- 
nishing ^t, that the experience of more than a century of 
acknowledged inferiority to France, also with the admission 
that her superiority was caused by the researches of her 
mathematicians, should have still lefl it a Question in Eng- 
land, whether our ships shall be designee! on speculative 
opinions, or from scientific deductions. Colbert employed 
an engineer of the name of Renau d'Elisagaray, a proteg6 
of the Count de Vermandois, whose first essay was in the 
adaptation of ships to carry bombs, to be used in the then 
projected armament against the piratical states of the Me- 
diterranean. Under the enlightened direction of Colbert, 
the French ship, which, by Uie ordinance of 1688, were 
much restricted in dimensions, were increased nearly one 
fourth in size, and every means taken which the then state 
of knowledge could suggest to insure a corresponding in- 
crease in good qualities. R6nau was, we believe, the first 
French author who wrote on the theory of ships. He was 
followed by the BernouUis, by Fere La Hoste, by Bou- 
guer, Euler, Don Joije Juan, Romme, and a host of others, 
the effects of whose writings we have traced in the progress 
of the improvements they introduced into the navies of 
France and Spain, and forced the navy of England to imi- 
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History, tate* The only English treatise on ship-building that can 
^^'"v^*^ lay any claim to a scientific character was published by 
Mungo Murray in 1754 ; and he, though bis conduct was 
irreproachable* lived and died a wondng shipwright in 
Deptford dock-yard. 
InsUnceof A most palpable instance of the ignorance of all the 
ignorance, principles of naval architecture among the authorities who 
were charged with designing our royal navy, even up to 
the dose of the last century, may be quoted from an article 
in a recent periodical publication, die Papers on Naval 
Architecture, which was devoted to the aavancement of 
this science, and which was for some years conducted by 
two gentlemen who were educated at the School of Naval 
Architecture at Portsmouth. The article in question was 
written by Mr Wilson of the late Navy Office, now Admiral- 
ty, a gentleman whose judgment, talents, and sound pro- 
fessional knowledge as a naval architect, contrasted with 
the humbleness of his situation, that of draughtsman to the 
surveyor of the navy, may also be cited as affording an in- 
stance of the mistaken policy of the successive nav^ admi- 
nistrations of England, as to the encouraging the applica- 
tion of science to naval architecture. 
iUzee of Mr Wilson, speaking of the cutting down of the Anson, 
the Anson, a sixty-four-gun ship, to a frigate of thirty-eight guns, says, 
** she was cut down in the year 1794 ; and although in all 
other maritime states the science of naval construction was 
well understood, yet so culpably ignorant were the English 
constructors, that this operation, so well calculated, when 
properly conducted, to produce a good ship, was a complete 
failure. Seven feet of the upper part of the top-sides, to- 
gether with a deck and guns, making about 160 tons, were 
removed, by which her stability was greatly increased ; but, 
by a complete absurdity, the sails wer^ reduced one sixth 
in area. In her first voyage the rolling was so excessive 
that she sprung several sets of top-masts. To mitigate this 
evil, in 1795 her masts and yards were increased to their 
original size ; but as there was no decrease of ballast, she 
was still a very uneasy ship, and, as a necessary result, her 
wear and tear were excessive. 

** Other sixty-fours were cut down, masted, and ballasted 
in exactly the same manner, and, it need scarcely be add- 
ed, experienced similar misfortunes ; and although they 
were improved by enlarging their masts and yards, they 
were still bad ships. Had their transformations been scien- 
tifically conducted, a class of frigates would have been con- 
tinned in the navy, capable, from their size, of coping with 
the large American frigates ; and thus the disasters we ex- 
perienced in the late war, from the superior force of that na- 
tion, would, without doubt, have been not merely avoided, 
but turned into occurrences of a quite opposite character." 
Society for Several attempts have been made in England to alter 
the Im- this state of things, and to establish a system of scientific 
proTement improvement in our ships. One was the formation of a So- 
Archttet- ^*®^y> in 1791, for the Improvement of Naval Architecture, 
ture. ' which numbered among its members the late sovereign, 
then Duke of Clarence, and many noblemen and gentlemen 
of rank, influence, and talent. This society arose out of 
the patriotic exertions of a bookseller of the name of Se- 
well, the proprietor of the European Magazine, who in an 
excursion to one of our seaports, heard such universal com- 
plaints as to the inferiority of the British ships compared 
with those to which they were opposed, that he devoted 
the covers of his magazine to correspondence on naval ar- 
chitecture, and gave a rOom ni his house for discussion on 
the same subject, and for the reception of plans and models 
connected with it, which were always open to public in- 
spection. The niters that were by these means collected 
were republished in two volumes ; and, among much trash, 
there are several valuable articles contained in them. The 
society conducted a course of experiments on resistances 
of fluidib in the Greenhind docks, on which they appear to 



have exhausted their resources ftnd their energies, and that History, 
too without deducing any results which added to the pre- ''^-^V*^ 
vious knowledge on that subject. We are not aware that 
more than the first year's Report of their proceedings was 
ever published. Of this we have only met with one copy ; 
and in consequence of the probability that the results of 
the society's experiments might be completely lost, they 
were republished in the Piqpers on Naval Architecture. 
They have been since republished in a most splendid formi 
and in a most patriotic spirit, solely for gratuitous distribu- 
tion to scientific societies and individuals, by Mr Beaufby, 
the fos of the late Colonel Beaufoy, the gentleman to whom Colonel 
the task of conducting them was intrusted by the society, Beaufoy. 
and on whom^ it i^pears, a great portion of the expenses 
devolved. 

Anotiier effort to unprove the scientific knowledge of School of 
naval architecture in thu kingdom was the establishment, ^^^ ^^' 
in 181 1, of a School for Naval Architecture in her majesty's cJ"'^^"'"^ 
dock-yard at Portsmouth. This was in consequence of the 
statements and recommendations contained in the Report of 
a Commission of Naval Revision appointed in 1806. These 
recommendations were founded on an inquiry into the edu- 
cation and attainments of the shipwright officers then in 
the dock-yards, ^ from their first entry as apprentices, to 
their elevation to the rank of surveyor of the navy." The 
Report stated as follows ; — " In the whole course we have ^P^^ °^ 
described, no opportunity will be found of acquiring even ^^j^j„ Jf 
the common education given to men of their rank in life ; ^^gyal Re- 
and they rise to the complete direction of the construction vbios. 
of the ships on which the safety of the empire depends, 
without any care or provision having been taken, on the 
part of the public, that they should Imve any instruction in 
mathematics, meclianics, or in the science or theory of ma- 
rine architecture." 

The Report stated it to be among the most important 
parts of the duty of the Commission to endeavour ** to put 
an end to that want of foresight and due consideration, 
which may finally lead to so much danger to the country ; 
and to bring into our dock-yards apprentices of more libe- 
ral education than has hitherto been reouired." 

The Commissioners recommended the establishment of 
two classes of apprentices. They pr(^8ed the arrangments 
necessary for putting their recommendations into practice, 
and also laid down a system of education for the first class. 
These proposals were directed to bs carried int« effect, by School of 
an order in Council of the 20th of September 1809, which Naval Ar- 
was complied with in the establishment of the Sdiool o* t^[2i^ 
Naval Architecture on the first of January 1811. ^ 

The arrangements of the school were modified by a se- 
cond order in Council on tl'.e SOth cf January 1816, in 
consequence of a building for t!ie reception of the students 
having been completed. By this order the establishment 
was incorporated with the Iloyd Naval College, and the 
number of students limited to twenty-four, that number be- 
ing considered as ** sufficient to supply the place of officers 
who may die or be removed," and therefore to f\i]fil the in- 
tentions of the Board of Naval Revision. This second or- 
der in Council stated, that the object of the institution was 
to introduce *' a better and more skilful description of ship- 
wright officers in his majesty's royal dock-yards ;" and the 
** regulations established relative to the admission of stu- 
d^its into the School of Naval Architecture," for the infor- 
mation of the candidates, stated that, <* on the expiration of 
the apprenticeship, the students will be eligible to aU intu- 
tions in the ship-buUding department of his majesty's service; 
and in the event of there being no vacancy in any of his 
majesty's yards, they shall be employed as sopemumerariet 
in the yatds, until vacancies do occur," ** provided the ap- 
prentice shidl, at the expiration of the time above mention- 
ed, have completed the plan of education, and shall be 
certified by the prc^essor to be properly quidified.* 
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Histoiy. Forty-two gentlemen have been educated at this estab- 
^*-^v^*^ lishmenty and twenty-two still remain in the ship-building 
itnlwl ^^department of her majesty's service, of whom'many, bound 
to the service under heavy penalties, were, for eight or ten 
years aHer leaving the school, employed as supernumeraries 
in the dock-yards, awaiting their first appointments as fore- 
men, although vacancies were during the interval conti- 
nually occurring. Three only have been promoted to the 
step next above that of foreman ; and, out of the last four- 
teen appointments to situations superior to that of foreman, 
only ond has been conferred upon a member of the School 
of Naval Architecture. 

The attempt has therefore most signally failed. For, from 
the comparative ages of the gentlemen of this establish- 
ment, and those of the officers who have been placed in 
these vacancies, there can be no rational hope that the ex- 
pectations of the Commissioners of Naval Revision, or of the 
members of the Councils of State, can be fulfilled ; and it 
may therefore now be said (in 1839), witli as much truth as 
by the Report of the Board of Naval Revision in 1806, "no- 
thing certainly can be more surprising than that, in a nation 
so enlightened as this is, and whose power, importance, and 
even safety, depend on its naval superiority, matters so es- 
sential to the preservation of that superiority should so long 
have been neglected." 

The School of Naval Architecture was abolished in 
1832 ; and we cannot write of the failure of this establishment 
without endeavouring to trace its causes, and to account for 
urfoii?.!J*^^® strong prejudice which has existed against its members 
Bi ,.«. ^^^ ^^^ moment the first student's name was recorded on 
its books ; a prejudice which has baffled them in every en- 
deavour to obtain just attention to their claims from each 
successive naval adminbtration, and which has virtually de- 
prived the nation of the advantages anticipated by the Board 
of Naval Revision. That it is not in the &ilure of the stu- 
dents themselves to fulfil the conditions required of them, is 
evident, since the sole condition was that which we have 
quoted from the regulations, that they should complete the 
plan of education, " and be certified by the professor to be 
properly qualified." This the professor has officially complied 
with in the strongest terms. Nor is it that they are indivi- 
dually unfit to fill the situations which were guaranteed to 
them ; for many of them are possessed of the most flattering 
testimonials of efficiency, as uiorough practical officers, men 
of business, and gentlemen of principle. We believe it to 
arise solely from this, that the foundation of the establish- 
ment was accon^panied by the most mortifying and humiliat- 
ing reflections on the officers then filling the utuations in 
the dock-yards, and, consequently, on all who rose to such 
situations from the working dass of the yards. From these 
officers, to all of whom the very existence of the School of 
Naval Architecture has been a reproach, and a constant 
source of mortification, and to many of whom the advance of 
its members would operate as a bar to promotion, successive 
Admiralties have been contented to derive their information 
as to the success of that establishment, and the efficiency of 
its members. It surely would be expecting more than can 
be hoped from human nature in its most exalted state, to 
suppose such information could be given devoid of party 
feeling and of prejudice, or that men would voluntarily ad- 
mit their own inemciency, and concede to those whom they 
roust regard as tlicir rivals for the favours of the Admiralty, 
a merit equal, nay, on the very principle of the foundation 
of the establishment, superior, to that which they themselves 
{MMsess. The First Lora of the Admiralty, therefore, for the 
time being, acting on information thus derived, annuaUy 
asserts in his place in parliament, and believes his assertion 
to be correct, that these " young men" (men between forty 
and fifty years of age) ** thou^ gentlemen and men of 
education, yet want experience, and therefore cannot be 
promoted.* 



The institution has however not been unattended with History, 
benefit to the service. The correct principles of naval ar- "^^^v^"^ 
chitecture have become known and generally difiused; and^^'^^?^ 
though the members of the establishment may not reap the ^f much^^ 
reward, the merit is undoubtedly theirs, for it has beengQ^^ 
through their instrumentality and from their works. It 
cannot, either, be denied that the officers of the dock-yards 
of the old school have had their energies aroused, and have 
risen in the scale of educated society, from their rivalry with 
the members of the new. On an inquiry into their com- 
petency to fill the situations in which they have been placed, 
though there would be many instances fully to warrant as 
great animadversion as was passed by the Board of Re- 
vision on their predecessors, there would also be found 
among them gentlemen, men of talent, and of considerable 
acquirements. 

In 1830, Captain, now Sir William Symonds, was appoint- Sir Wil. 
ed to the office of surveyor of the navy, he having previous- 1^*™ Sy- 
ly constructed a corvette, the Columbine, for her majesty^s"*®"*^' 
service, which was reported most favourably of after a tnal 
cruize with other corvettes built from designs furnished by 
Sir Robert Seppings and the late Admiral Hayes. 

The appointment of a naval officer to fill the solitary si- 
tuation in the civil service of the navy which may be said 
to offer any great inducement to the exertions of the naval 
architect, was certainly to be lamented. There are few 
clerks in the public offices of this country who do not early 
attain to salaries and retirements far exceeding those doled 
out to the highest offices in the engineering department of 
the navy, with this one exception ; and to deprive the naval 
architect of this high incitement to exertion, cannot but 
operate injuriously to the service ; and again, a gentleman 
brought up in a totally different profession must be presum- 
ed to be not only wholly unacquainted with the detail of 
the duties of his subordinates, but also necessarily to be un- 
qualified to perform a great portion of the duties connected 
with his own situation, and therefore to be dependent upon 
those from whom he is obliged to seek for guidance. 

The office of surveyor of the navy, be it remembered, is 
an office of active operation rather than an office of super- 
vision> and therefore essentially requires to be filled by a 
professional naval architect. 

Sir William Symonds is the first constructor of the Eng* 
lish navy who hasbeen left unrestricted as to dimensions; and 
he has consequently been enabled to introduce into the 
service, ships which undoubtedly bear very high characters 
in some very decided points of efficiency as men-of-war. 
He has also practically demonstrated the possibility of ships 
of war obtaining sufficient stability without the aid of bal- 
last, which is a very important advantage, and one which 
will yet be productive of essential benefit. But unfortunate- 
ly having been in error as to the true principles on which 
the stability of floating bodies is dependent, he has not ob- 
tained these advantages without, in many instances, incur- 
ring a compensating disadvantage, from uneasiness of mo- 
tion, and which appears to be a very general complaint 
against the ships of his construction, some of them being 
most marked examples of the uneasiness attendant on a 
stability whidi depends almost wholly on breadth at the 
load water-section, to the neglect of Uic form of the solids 
of immersion and emersion. 

• The opinions on which Sir William Symonds founds his His writ, 
system of construction have been explained by hhn, first in ings. 
a brochure, printed, we believe, for private distribution, and 
then in an article, communicated by himself, in the United 
Service Journal for July 1832. To that therefore we refer 
our readers for information as to the principles upon which 
the fleets of England are now constructed. The following 
tables contain the dimensions of the various classes of ships 
which Sir William Symonds has introduced into the British 
navy ; also the dimensions according to which the ships of 
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the French navy are now being built, and the dimenBions 
of one or two other modem ships about which considerable 
interest has been excited. The dimensions of the vessels 
designed by Sir William Symonds are obtained from Edye's 
Scales of Displacements, and from a list which was publish- 
ed in the United Service Gaziette, and which we have en- 
deavoured to verily ; we therefore believe them to be cor- 



rect. The dimensions of the French ships were procured Hittorf. 
in the French dock-yards during the summer of 1837, and^*"^v^^ 
are certainly correct The London and Castor are obtain- 
ed from Edye's Scales of Displacements ; the Sapphire and 
Orestes from Morgan and Creuze's Papers on Naval Archi- 
tecture; and die other dimensions are from the best avail- 
able authorities. 



Dtmensiom rf Modem English Sldpt cf War. 



Names of Ships, 
and of their l>e8igDer8. 



First Rate. 
Clueen J 

Second Rate. 
Vanguard ; \ 



§ 

S 

CO 



3 



S 



Third Rate. 



Boscawen. 



/ 



Vernon.. 



Fourth Rate. 



Pique. 



Fifth Rate. 
Sixth Rate. 



Vestal. 

Carysfort , 

Corvettes. 

Rover 

Calypso M* 

Brigs. 

Columbine 

Serpent 

Racer 

Pantaloon 

London^ 

>Sir Robert Seppings. 

Castor j 

Inconstant, Admiral Hayes.... 
Modeste, Admiral Hon. G. Elliot 

S^^-}p™fe.«»In«»« { 



Guns. 



^E^ 



110 on) 
3 decks J 

80 on 2 1 
decks. J 

70 on 2) 
decks. J 

50 

36 

26 
26 

18 

18 

16 

16 

16 

16 

92 on 2 1 

decks, j 

36 

36 

18 

28 

18 



Length of 



Oun-Deck. 



Keel for 
Tonnage 



Feet. Inch. 
204 

190 



180 

176 

160 

130 

ISO 

113 

120 

105 0| 

102 5 

100 8 

91 10 

205 6 

159 

166 6 

120 

119 

109 11 



Feet. Inch. 
166 5 

155 3 

146 8 

144 6| 
131 

105 9 

106 10 



90 1 

99 5. 

84 

79 10 

78 9i 

71 4 

170 4 

133 
133 



Extreme 
Breadth. 



100 
92 



7 

.2J 



Feet. Inch. 

60 

56 9 

54 

52 8^ 

48 8 

40 7i 

40 

35 5 

37 6 



Depth in 
Hold. 



33 
32 
32 
29 

54 

43 
45 







5 



32 9 

33 8 
30 6 



Feet. Inch. 
23 9 

23 4 



Burden in 
Tons. 



17 

14 

10 
10 

16 
18 



1 

6 

6 
6 

9 




7 11 

15 

14 10 

12 8 

23 2 



13 
13 

7 
8 

7 



6 
7 
11 

6 



3099 



2589 



2212 



2082 

1622 

913 
911 

590 
731 

492 
434 
431 
323 

2598 

1283 

1422 

562 

605 

459 



DtmtimoiM of Modem French Ships cf War. 



Number of Guns 

Length on gun-deck between rabbets 
Moulded breadth 

1 forward 

Draught of water, >'aft 

3 mean , 

Load, displacement in tons 



Line-of-Battle. 



120 

Feet. Inch. 
209 5 

55 Si 

24 llj. 
26 8i. 

25 10; 
4940 




4393 



90 

Feet. Inch. 
198 6 

53 5^ 

23 4 
25 4 

24 4 
4013 



Frigates. 



Corvettes. 




52 I 32 

FccC« Incb. Feet. indi> 



172 1 
45 2i 



20 8 
2267 



138 



«{ 



14 9 
16 3 

15 6 
999 



24 

Feet. Inch. 

125 4 

32 
13 

14 10 

14 2^ 

738 



J 



Description of the manner of performing the CalculaHons in- 
eidmtal to designing a Ship, with Investigations of some 
of the prwcipal Elements of the Design. 

Few prin- The labours of the numerous men of science who have 
dpiesofthe(]evoted either the whole or a portion of their attention to 
theory of ^^ various problems embraced in the theory of ships, have 

..<>i?;»^!^ left but few of its abstract principles uninvestigated ; most 
remain un- ^, *.i.i *i .^iii 

investigat- ^ ^^^ properties of a ship have been exammed, and the 
cd. laws on which they depend clearly defined, either by the 



aid of mathematical demonstration, or by experimental in- 
duction. There are however some questiond, which, though 
solved in theory, stUl depend on the results of physical ex- 
periment for perfecting their practical application. 

The elements of naval construction, a term very gene- j^emen. 
rally applied to the theory of ships, may be classed in twotai; princu 
divisions ; those which are solely dependent on known laws plea muyhe 
of nature, and those of which the solution involves laws^^""^ ?> 
of nature which are yet imperfectly developed. ^*** ^^^ 

The first division embraces by fiur the greater part of those ' 
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TheoTT. principles on which the most essential properties of ships 
^^ ^^"^ depend ; and it may now be said that the principal diffi- 
Drin "V *®* of these are surmounted, and are familiar to the in- 

are esub^ structed naval architect. These are alone sufficient to in- 
lished. sure the attainment of a certain and considerable degree of 
excellency in a ship, to give it a preponderance of any pe- 
culiar property, to discover the causes of any bad quality, 
and to obviate its tendency by an appropriate remedy. In 
fact, they are enough, quoting from an article in an Ame- 
rican Review, to ^' direct and limit the variations that may 
safely be made in the models at present in use, and guide 
us in the draught of new ones, suited to those changes in 
the force and magnitude of the several rates of vessels, 
which are continually making in the strife between the na- 
tions of the civilized world." Should the science of naval 
architecture never make further progress than it is thus de- 
scribed as having attained, it is evident that it is so far per- 
fect as to be available for, and capable of being made to 
)'i..ci!ce keep pace with, the wants of mankind. It may be objected, 
apparently that the American writer assumes too high a standard, and 
contradicts ^i^^ ^ ^ f^^^ changes in the rate and magnitude of ships 
being made with the certainty attributed, each deviation from 
the beaten track seems but an isolated, baseless, and aim- 
less venture, instead of forming one step in the progress .of 
improvement. But, in justice to naval architecture, it should 
be remembered that the American spoke of the existing 
knowledge, and of the application of that knowledge in 
France, and in countries where its importance is recognised 
and its principles are known and cultivated, not in England, 
where its very claim to the rank of a science has been derided. 
Second di- The elements which may be classed in the second divi- 
vision em- gjQj,^ ^s those of which the solution resolves itself into a 
raenu de ^^P^^^^c^ce on laws of nature which are as yet imperfect- 
pendent on ^M developed, consist almost entirely of such as are depen- 
undevelop-dent, in a greater or less degree, on a knowledge of the nan 
ed laws of ture and laws of elastic and non-elastic fluids. This is a sub- 
nature, ject which has hitherto baffled alike the researches of the 
mathematician and the experimentalist ; but, from the ana- 
logy of discoveries in other sciences, we may safely assert, 
tliat even its difficulties must be eventually surmounted by 
the patience and labour of the inductive philosopher. We 
are possibly on the eve of an important era, in so far as the 
IVTr iius- laws of the resistances of fluids are involved. The re- 
sel's re- searches of Mr Russel will apparently do much towards un- 
searches on ravelling their mysteries, perhaps more than has as yet result- 
resistences. ^^ ^^^^ ^^iq labour oi'^ all preceding ages. Not that the per- 
fect solution of these problems is really of such vital im- 
portance to the progress of improvement in naval architec- 
ture as it is often asserted to be, and which the apparent 
intimate connection of that science with the knowledge of 
Such know- fluids and of their laws would appear to sanction. Of those 
ledge not elements of naval construction which seem wholly to de- 
W** t^^Sr P®"^ ^^ ®"^ knowledge, some are restricted by considera- 
naval ar- ^^^"^ which are adverse to its application ; and although 
cfaitect. i( i^t^y he a desideratum in the determination of certain of 
the elements, the difficulties which arise from the want of 
it only require to be fully known and understood, to be, if 
not absolutely theoretically removed, at least, from the col- 
lection of facts, from experiment, and from analogy, so far 
overcome as to leave nothing to be desired on the score 
of practical utility. The form of a ship's body need not 
necessarily remain imperfect because the curve of the so- 
lid of least resistance is unknown, since enough has result- 
ed from the consideration of the nature of that solid to prove 
that, however it might probably be applicable to the naviga- 
rion of smooth waters, the perfect solution of the problem of 
its form could only be generally desirable to the naval archi- 
tect, as contributing to the theoretic perfection of the science, 
and would add but little to its practical utility in its appli- 
cation to vessels which must encounter the tremendous 
powers of the elements in the open seas. Experience has 



proved, that a ship constructed with the bow and of the form Theory, 
which are recognised as at least nearly approximating to the ^^"••'V"*^ 
solid of least resistance, would be unable to withstand the 
violence of the shocks of the motion of pitching, and of the 
waves ; or, could she do so, would necessarily lose, by the 
additional resistance resulting from increased immersion, 
every advantage which might otherwise be anticipated. 
Neither can the exact position of the greatest section be a 
question of theoretic niceties, when the great capacity and 
the adjustments of form necessary to the exigencies of mo- 
dern warfare and the advanced state of navigation are con- 
sidered, which not only require a ship to be- effective in all 
the nuUiriely and for all the purposes of war, when first from 
the hands of the builder, but to be equally so after long pe- 
riods have elapsed and extended seas have been navigated. 
On the other hand, the comparative fulness of the fore and Propor- 
after bodies, the positions, rakes, and proportions of the masts, tions of the 
the adjustment and the shape of the sails, the bracing of ^^? ^^^ 
the yards, and many other questions intimately connected P^?'!^?* - 
with the resistance of fluids, may, and will eventually, beju^g^g pr^. 
correctly determined by comparison, experiment, and in- portion and 
duction, guided by the knowledge of those principles of shape of 
science which are involved in them ; and, without such know- ^^^^ °]&J 
ledge to enable us to test and to establish the correctness of ^^. ^^' 
the conclusions which may be drawn, both experiment and Eduction, 
comparison must be as useless in this, as, under similar cir- 
cumstances, they would prove to any other branch of art. 
It has been most wisely said, that there are more false facts Danger of 
in the world than false theories. The reason is evident ; erroneous 
the correctness of a fact is totally dependent on the oompe-^^^"*^'*®"'* 
tency of the observer ; and how very few, even among those ^^ de"with 
whose minds have been trained to habits of thought, are^idofgei. 
competent to the task of discriminating fact from fallacy, entific 
If there be few among such men, how much fewer in pro- knowledge, 
portion must that number be among men of uncultivated 
minds, who can be capable either of observing facts, or of 
forming correct conclusions from those whidi they may 
have casually observed ; and to such, almost without ex- 
ception, has been confided the task of establishing the facts^ 
and drawing the conclusions, upon which to found the theo- 
ry of ships, as far as the development of that theory has been 
attempted in England. 

A most unphilosophic mode of reasoning is very general- Error m 
ly applied to the question of the application of the exact doing this, 
sciences to naval architecture ; and because chance on some 
few occasions, inductions from a tedious experience of fail- 
ures on others, but far more frequently the results of ob- 
servations on ships built by men of science, may have pro- 
duced good ships, the question is often hastily decided, and 
the conclusion assumed, that since ships possessing more How it has 
than an average of good qualities have been produced with- arisen, 
out abstract scientific study, therefore the exact sciences 
cannot be available to the advancement of naval architec- 
ture ; the fact being placed quite out of the consideration, 
that the results of observations on ships designed by men 
of science are really the results of science, and that if the 
observations were made by persons competent to the task, 
these results would be onward steps in the progress of im- 
provement. 

The time certainly has not yet arrived when the naval The aid of 
architect can effect with precision and confidence the syn- induction 
thetical composition of a perfect ship ; but we have already ^°°o' 7*' 
asserted that he may, by the application of prindples al-Jj^ ^u"' 
ready established, proceed in the full confidence of produ- ' 

cing one with a preponderance of good qualities. 

The mistake is in the assumption that die theory of ships for the the- 
is already perfected, instead of merely being capable of being pry of ships 
perfected by a rigid analysis of facts which daily experi-** JTJ^*™' 
ence would elicit were the abstract sciences applied to the^*™^^ 
task of analysing, collating, and registering them. It should 
always be remembered, Uiat generally in every science a 
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Theory, perfect theory is the result of the perfection* of the science, 
rather than that the perfection of the science resulU from 
the theory. To argue against this principle, would be to 
retrograde from the nineteenth to the sixteenth century, 
and to affirm that Bacon has lived in vain. 

We shall, in as concise a manner as is consistent with 
deamess of explanation, detail the method of performing 
the calculations necessary to determine the essential ele- 
ments of the design of a ship's body, in the course of pre* 
paring the original draught or drawing. 

A body floating at rest, upon a fluid also at rest, displa« 
ces as much of the fluid as is equal to the weight of the body. 
The truth of this proposition will appear from the consider- 
ation that the equilibrium between the body and the fluid 
is maintained by precisely the same upward pressure as sup- 
ported the fluid which the body has displaced ; and as the 
same pressure must support the same weight when there 
is an equilibrium, the weight of the floating body must be 
equal to that of a quantity of fluid equal in bulk to that 
part of the body which is immersed. It follows that the 
weight of the water displaced by a ship floating on it at 
rest, is equal to the weight of the ship and all its contents. 
It is usual to call the weight of the quantity of water 
xnent syno-^hi^h a ship displaces when she is floating at rest, her dis- 
"^th*th pJ*cemeot; or, in oUier words, according to the foregoing 
weiffht.^ proposition, the term displacement applied to a ship is sy- 
nonymous with her weight. 
To obtain To obtain, therefore, the total weight of a ship, it is only 
the weight necessary to ascertain the weight of the volume of water 
of a ship. ^\^[ch she displaces when floating at rest. This is found by 
calculating the number of cubic feet contained in a homo- 
geneous solid equal in bulk to that part of the body below 
Sie surfiice of the water, and then multiplying this number 
by the specific gravity of the water, that is, by the weight 
of one cubic foot : the result will be the weight of the water 
displaced, and consequently also that of the ship. 

That a ship of war may be able to carry and to maintain 
effective, in ordinary circumstances of weather, a determin- 
ed armament, or a merchant-ship a certain lading, it is evi- 
dent that the weight of the ship, and all that she is destined 
to contain, must be in such proportion to her bulk that she 
shall not be so far immersed in the water as to render her 
armament inefficient under circumstances in which its effi- 
ciency may be required ; or her lading oppressive to her. 
First fi^ide if lading be the purport of her construction. The bulk of 
to dimen- ^ g^jp jg j^ proportion to her length, her breadth, and her 
sions. depth. This, when the naval architect has ascertained the 
displacement necessary for his ship to possess, is his first 
guide to proportion her dimensions, so as to insure that dis- 
Greatest placement without undue immersion. The next step is 
transverse to determine the form and area of a transverse vertical sec- 
section, tion at the largest part of the ship's body, which generally 
extends from the middle of the length for some distance 
towards each extremity. This section is called the midship 
section, and on its area is principally dependent the direct 
resistance which the vessel will experience, while the sta- 
bility or resistance to inclination, and the easiness or un- 
easiness of her motions, are greatly dependent on its form. 
Greatest Having to a certain extent fixed upon the midship section, 
hurizontal (^h^ n^xt consideration is to determine the area and form 
section. ^^ ^ horizontal section at the surface of the water. This 
section is called the load water-section, or sometimes the 
** plane of flotation." On this section also the stability of 
the ship, in proportion to her dimensions, is very greatly 
Depth in dependent, as will be seen when we more fully explain that 
water, and quality. The depth in the water, and the shape of the verti- 
difference ^ section through the longitudmal axis of the ship, should 
f water. "^** ^ determined ; and then transverse vertical sections 
Bow and ^^ ^^^ ^^1 between the midship section and either ex- 
qtiarcer tremity of the vessel, generally at those parts where the 
sections, body is intended to alter materially from the form of its 



midship section to that of the more sudden curvature at the Theory, 
extremities. An important consideration is involved in the "^-^"v"*-^ 
forms of these sections, considerably influencing the easi- 
ness of the ship's motions. At present it will be enough to 
mention them as the next progressive step in the design ; 
after which the constructor has data sufficient to determine Displace- 
whether the dimensions he has chosen will enable him to naent. 
obtain adequate displacement for the services required of 
his vessel. If so, he may proceed to trace in intermediate 
sections, and thus gradually, letting his design keep pace 
with his calculations, complete his drawing by the aid of 
processes which will be fully explained in a subsequent por- 
tion of this article, and which we therefore shall wholly 
omit here, as the limits of our space will not admit of rq)e- 
tition. Also, we can hardly describe the method of pro- 
ceeding with the drawing until the principles which ought 
to guide us in forming the design have been investigated. 

As we are totally unacquainted with the course of the Diagonal, 
fluid along the bottom of a vessel, it is essential that the bow, and 
curves bounding diagonal sections, called diagonal lines, and buttock 
the curves bounding vertical sections, call^ buttock and|^^' , 
bow lines, should be attentively considered, and also the ^ater-lineaL 
curves bounding the inclined water-sections, that they may 
be such as, by comparison with other and acknowledged 
fast ships, may be presumed to be conducive to velocity. It 
must constantly be remembered, that naval architecture is 
a science of comparisons and of analogies ; and no pains 
must be spared in rendering them subservient, not only to 
the design in progress, but to the eventual perfection of 
the science. 

An important consideration connected with the forming Alteration 
the design of a ship is involved in the gradual alteration ofof seat in 
the vessel's seat in the water from die consumption of "^•'^'' *''""' 
stores. It is not only essential that a ship should be pos-^?"'"?^ 
sessed of stability combined with easiness of motion, be,^Qy^^ 
weatherly and quick in manceuvring when she is stored 
and completed for foreign service as a ship of war, or fully 
laden as a merchant-ship ; but it is equally essential that 
she should be possessed of these qualities towards the expi- 
ration of her cruize, or on her return light from her voyage. 
Designs for ships to be as perfect as the present state of 
knowledge can make them, must be made with reference to 
several water-lines. 

We see, therefore, that there are difficulties opposed toMerchant- 
the improvement of the forms of merchant-ships, which do^^ps mnre 
not exist to the same extent in opposition to the improve- y"^**^^" 
ment of the forms of ships of war. iUn"lf " 

In the designing of ships of war, the nature of tlie service ©f war, '^ 
in which they will be employed is known, and the lading, 
in comparison with that of a merchant-ship, is a constant 
quantity : it is therefore only necessary to cndeavoiur to ob- 
tain a maximum of good qualities in relation to these cir- 
cumstances. But in a merchant- ship the lading is of such because of 
a variable nature, both as to quantity and species, that the greater va- 
ship is at different times under very different circumstances ; "ation of 
yet she is subjected to the same trials. Thus an East India- J®** "* ^^ 
man, on her outward voyage, is two feet more immersed than - 
on her homeward ; and the draught of water of a collier is 
reduced, at different times, four, five, or six feet, by which 
the stability is generally very much diminished ; and even 
with the same draught of water the stability may vary very 
considerably, owing to the difference in the nature and dis- 
position of the lading, and the consequent effect produced 
on the centre of gravity of the ship; and yet, under these 
different circumstances, the ships are exposed to the same 
winds and seas. It is evident that if, when at their pro- 
per draught of water and stowage, they are only equal to 
the trials to which they are subject, they must be very in- 
adequate to the contest with such a deduction firom their 
powers as this would produce ; particularly if their design 
be not made with a due consideration of this circumstance. 
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The loss of stability which results from the diminution 
of draught of wftter cannot be compensated by a propor- 
tionate arrangement of sai], without incurring other evil con- 
sequences. If* the quantity of sail, which at ail times is 
comparatively small in a merchant-ship, be lessened, the 
wind on the increased hull might so counterbalance its 
effect, that she would be utterly unable to beat off a lee 
shore, or make any way on a wind. 

A ship is not only subject to a loss in stability when 
lightened, but becomes laboursome, on account of top-ham- 
,. per: her rolling motion is more violent as her diminished 

ed uneasU*"^®?^^ '^ ^^® water decreases the resistance which is op- 
ness. posed to the inclination, and she also generally becomes 

more leewardly, owing to the difference made in the re- 
sultant of the resistance, tlie diminution of the lateral re- 
sistance, and of her power of carrying sail. 

That these effects are to be dreaded, is proved by the 
enormous loss of lives and property in light merchantmen, 
and especially light colliers. 

Thus, for a ship which is intended for the various pur- 
poses of commerce, to be at all equal to a ship destined only 
to sail with a constant lading, more art is required in the 
design. But though this is a difficulty which opposes itself, 
it is no bar to progressive improvement, which is evident, 
as we are now suffering under the effects of such improve- 
ment, made, under all the same obstacles, by foreign powers. 
Sacrifice of That the forms of merchant-ships may at all be benefited 
burthen ],y ^he application of that knowledge which is possessed of 
necessary, ^^ principles of naval architecture to their construction, a 
sacrifice in part must be made of those qualities which have 
hitherto been considered too exclusively at the expense of 
others. These are great capacity under small dimensions, 
and few men to navigate them, 
by increas- To enable them to sail and work well, their resistance 
ed dimen. mugt be diminished and their stability improved by an in- 
sions in urease of dimensions in comparison with the displacement, 
to^plaM-^y '^^ch they would gain in velocity, easiness of motion, 
power to carry sail, and consequently safety. But this 
would require a proportionally greater quantity of saily and 
of course a larger crew to manage it ; yet as other na- 
tions possess better ships than ourselves, and have there* 
fore subjected themselves to this inconvenience of larger 
crews, that must not be considered as an insurmountable 
obstade. 

As the body of a ship is not generally any regular figure, 
the rules which determine the contents of regular solids will 
give only approximations when applied to finding its con- 
tent ; but the error arising from the application of the best 
methods now used for calculating displacements is so small 
as to be utterly insignificant in practice. 

The rules most applicable, and at present most generally 
applied, to the measuring of curvilinear spaces, by naval 
architects, are those published by Atwood in the Philoso- 
phical Transactions of the Royal Society for 1798. " They 
are founded on Sir Isaac Newton's discovery of a theorem, 
by which, firom having given any number of points situated 
in the same plane, he could ascertain the equation to the 
curve which would pass through them all ; and by means 
of this equation was enabled to express the ordinate in the 
cvLTve corresponding to an abscissa of any given length, as 
wall as the area intercepted between any two of the ordi- 
nates." 

In order to determine the area of any curvilinear space by 
these rules, parabolic curves are supposed to pass through 
the extremities of a certain number of equidistant ordinates, 
dependent on the order of the parabola ; for a conic para- 
bola three ordinates, for a parabola of the third order four 
ordinates, and so on. It is evident that the correctness of 
the approximation of the parabolic area to the area of the 
required curviUnear space, is dependent on the distance be- 
tween the ordinates ; as on that depends the nearer or the 



roent. 



Atwood*8 
rules for 
areas of 
curvilinear 
spaces. 



more remote coincidence of the parabolic curve with the Theory, 
curve bounding the area required. An almost mathema- ^"^^^^r^^ 
tical accuracy is attained in naval architectural calculations 
by assuming the ordinates to be one foot apart, even in those 
portions of the curvilinear areas in which the alterations of 
the ordinates are the most rapid, as in the fore, after, and 
lower parts of the body. But spaces considerably longer 
than this will be found to give results of great correctness. 

Atwood gives eight theorems for measuring curvilinear Two only 
spaces, two only of which are necessary for the purposes of in use. 
the naval architect. The first of these is applicable when First rule, 
the number of equidistant ordinates is odd. It is founded dumber of 
on the assumption, that each portion of the curve which ?J^"*^* 
passes through the extremities of three successive ordinates 
is a part of a conic parabola, and that the first of the three 
ordinates of each succeeding portion is the last of the three 
ordinates of the preceding portion. It is not necessary in 
this article to prove the correctness of these rules ; it is suffi- 
cient to describe their application to the subject of the article. 

The first rule is as follows : Measure the lengths of all the 
equidistant ordinates. Take the sum of the extreme ordi- 
nates, then take the sum of the second, fourth, sixth, or even 
ordinates, and multiply it by four ; and then take the sum 
of the remaining odd ordinates, or the third, fifth, &c., and 
multiply it by two. To the sum of these two products add 
the sum of the extreme ordinates, and multiply this sum by 
one third of the common interval between the ordinates ; 
the result will be the approximate area required. 

The second rule, which is frequently useful, is applicable Second 
when the number of ordinates is one greater than a mul- rule. Num- 
tiple of three. It is founded on the assumption that each^^**^®^^- 
portion of the curve which passes through the extremities ^g^^^^~ 
of four successive ordinates is a part of a cubic parabola, uoity a mul- 
and that the first of the four ordinates of each succeeding tiple of 3. 
portion of the curve is the last of the four ordinates of the 
preceding portion. 

This rule is as follows : Measure the lengths of all the 
equidistant ordinates. Take the sum of the extreme ordi- 
nates, then take the sum of those remaining ordinates which 
are one greater than a multiple of three, as the fourth, se- 
venth, tenth, &c., and multiply it by two ; and then take 
the sum of all the remaining ordinates, and multiply it by 
three. To the sum of these two products add the sum of 
the extreme ordinates, and multiply this sum by three 
eighths of the common interval between the ordinates ; the 
result will be the approximate area required. 

Now, if we suppose that we have a solid formed by the Their ap- 
revolution of a curve, and that tlie cubical content of that plication to 
solid is required, we may first, by the application of either ^^ ^^ 
of the before-mentioned rules for obtaining the areas o^^jj^"'* 
curvilinear spaces, find the areas of a series of parallel and 
equidistant sections of the solid. Then, if we consider these 
areas as expressing ordinates to the abscissa of a curve, we 
shall have a curvUinear plane surface, tlie area of which 
will express the cubical contents of the solid. For it is 
evident that every increment of the assumed curvilinear 
area has correctly represented the contemporary increment 
of the solid. 

We have here, then, rules of easy application, by which 
the areas either of the transverse vertical or the horizontal 
sections of a ship's body may be calculated, and by which 
also, from a series of the areas of either these vertical or 
these horizontal sections, the cubical content of a homoge- 
neous solid, of the same shape and bulk as the immersed 
portion of ihe ship's body, may be determined ; which cubi- 
cal content, multiplied by the specific gravity of water, will 
give the displacement of the ship. 

It will be seen, as we proceea with our subject, that it is 
necessary to ascertain tlie position of the centre of gravity . 
of the homogeneous solid of the immersed part of the ship, 
and also, that in proceeding with the work of designing the 
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Theory, form of a ship's body, it will be necessary, in order, in the 
'^T"^^^ earliest steps, to confine the position of this point to cer- 
to^d^e '**" hroits, to calculate the situations of the centres of gra- 
centre of ^*^y ^^ ^^^ ^^^ water-section and of the midship section ; 
graWty of that these points, which will necessarily have great influ- 
the homo- ence on the position of the centre of gravity of the dis- 
8«"J>"? placement, may be determined with reference to their in- 
?J^^JJ^J**fluence on the position of that point. These calculations 
body, and ^^ effected by a further application of the rules of approxi- 
of the load mation already given. 

wster and Every transverse ordinate of the load-water section be- 
midship ing bisected at its intersection with the vertical longitu- 
Iti Mtition ^'"^ section passing through the stem and stem-post, the 
in tbeload centre of gravity of the load water-section will necessarily 
wmter-aec- be in the line of these intersections; it becomes tlierefore 
tion : necessary only to find its position in this line. For the 

in the mid- game reason, that of the bisection o{ the ordinates, the 
tion •**^ centre of gravity of the midship section will be in the line 
of its intersection with the vertical longitudinal section, 
passing through the stem and stern-post ; and it becomes 
therefore only necessary to determine its position in this 
vertical line. And again, the centre of gravity of displace- 
ment must be always in the same before-mentioned verti- 
cal longitudinal section, unless the vessel be inclined from 
the upright, which consideration does not enter into the 
present question ; it becomes therefore necessary to find its 
position in this section. In res|)ect to length, this will be 
found in the line of intersection of some one of the trans- 
verse vertical sections with this vertical longitudinal sec- 
tion ; and in respect to depth, in the line of intersection of 
some one of the horizontal sections with this same vertical 
in the ho- longitudinal section ; and, consequently, the position of this 
iiuveneoM centre of gravity of the displacement, or, as some niTiters 
*®^^ call it, the " centre of buoyancy," will be in the point of 

intersection of the three planes. 
General ex- In order to determine the positions of these several centres 
pression for of gravity, we must make use of this proposition in mecha- 
centrei of ^ics. If perpendiculars be drawn from any number of 
^^" ^' bod'es to a given plane, the sum of the products of each 
body, multiplied by its perpendicular distance from the 
plane, is equal to the product of the sum of all the bodies 
multiplied by the perpendicular distance of their common 
centre of gravity from the same plane; and also of its 
corollary, that if any of the bodies lie on the other side of 
the plane, their distances must be reckoned as being nega- 
Appllra- tive. In applying this theorem to find the centre of gra^ 
tion to cur- vity of any curvilinear space, by the application of either 
vilinear ^f t^^ before-mentioned rules of approximation, each ordi- 
Atw>od^ nate must be multiplied by its perpendicular distance from 
rules ; some given line, usually in a section near one of the extre- 
mities of the vessel : these products are then used as ordi- 
nates, and the rule is applica, and the calculations made, in 
the same manner as for finding the area of a space, the re- 
sult, however, being the moment of the space. The mo- 
ment of the space on the opposite or negative side of the 
line that was assumed from whidi to measure the perpen- 
dicular distances of the ordinates, is calculated by the ap- 
plication of the same means if the area be large ; if small, 
a more simple method will easily suggest itself, and the 
moment thus obtained is subtracted from the former mo- 
ment ; the remainder is the total moment of the space, es- 
timated from the assumed line, and this, divided by the 
total area of the same space, will give the distance of its 
centre of gravity from the assumed line. In this manner 
the centres of gravity of the load water-section and of the 
midship section may be found, 
to wlidi. The position of the centre of gravity of the displacement 
is found by the application of the same rule of approxima- 
tion. In order to determine its vertical distance below the 
load water -section, a series of equidistant horizontal sec- 
tions must be drawn ; then the area of each successive ho- 



rizontal section is multiplied by its perpendicular distance Theory, 
below the load water-section, arid these products are uaed ^'— ^r*^ 
as ordinates in either of the rules. The result is the mo- 
ment of the space between the load water-section and the 
lowest horizontal section ; to this must be added the mo- 
ment of that fmrt of the body which is below the lowest ho- 
rizontal section. This will be obtained by multiplying its 
solid content into the vertical depth of its centre of gra- 
vity below the load water-section ; the sum of these two 
moments is the moment of the whole displacement, esti- 
mated from the load water-section ; and this moment, di- 
vided by the total displacement, will give the vertical dis- 
tance of its centre of gravity below that load water-section. 
The position longitudinally of the centre of gravity of the 
dispbcement is obtained in a similar manner, by calculat- 
ing the moment of that part of the displacement which is 
situated before some one of the transverse vertical sections, 
and also the moment of that part of the displacement situ- 
ated on the opposite or negative side of the same section ; 
then subtracting the negative moment from the positive, 
the remainder, which is the moment of the whole aisplace- 
ment estimated from the assumed vertical section, divided 
by the total displacement, will give the distance of its centre 
of gravity from the assumed vertical section. 

Instead of multiplying each ordinate by its perpendicu- Means of 
lar distance from the given line or plane, it is more conve- ^honeunig 
nient to multiply the successive ordinates by 1, 2, 9^ 4, &c.>^J5^!!^ 
and the sum of these products by the common distance be- 1^^^,^ ' 
tween the ordinates, which of course produces the same re- 
sult. A little consideration, in the course of performing 
the foregoing calculations, will suggest methods by which 
some of the kbour may be lightened ; such as the arrange- 
ment of the results in tabular forms, and the connecting the 
calculations for determining the areas, contents, or moments 
of those portions of the curves or solids towards the extre- 
mities with the general calailations. The foregoing ac- 
count of the meUiod of making the above calculations is 
given merely as an outline. For some of the more minute 
details, see In man's Notes to Chapman ; and mature consi- 
deration of the principles on which the calculations are 
founded will suggest all that can be further required. 

The constructor having completed the foregoing calcu- Kecapfti*- 
lations, will have ascertained the area of the midsliip sec- hitioiu 
tion, the area of the load water-section, the displacement, 
the positions of the centres of gravity of these two sections, 
and also the position of the centre of gravity of the dis- 
placement. The areas of the two sections, and the posi- 
tions of their respective centres of gravity, were required 
to be determined, on account of the influence of these areas 
and these positions on the content of the displacement, 
and the position of its centre of gravity, and also in con- 
sequence of their influence on the stability of the ship. It 
must therefore be remembered, that if the results of these 
previous calculations do not accord with the intentions of 
the constructor, or are inadequate to the development of 
his design, he must make such alterations in his curves or 
in his dimensions as he may consider necessary, before pro- 
ceeding further with his design. And if he shall have suf- 
ficiently informed himself on the theory of ships, he will be 
enabled to do so with considerable confidence at this stage 
of his progress, as to the final result of his work. 

We have before said that a body floating on a fluid is Conditiont 
supported by the upward pressure of that fluid. This body of equih- 
will be in equilibrio when the direction of this upward pres-hrium oi a 
sure passes through the centre of gravity of the part of the ^*^^ ^^^' 
body which is immersed in the fluid, and also through thejjl^j'll^" 
centre of gravity of the body. These two centres will rest* 
therefore be in the same vertical line, and this vertical 
line will be the line of intersection of the transverse verti- 
cal section in which the centres of gravity of tlie displace- 
ment and of the body are situated, with the longitudini4 
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Theory, vertical section of the body. Consequently, when a ship 
'^*-^v-**^ is floating on the water in a state of rest, and only acted 
upon by the upward pressure of the water, the centres of 
gravity of the ship and of the displacement are in the ver- 
tical middle line of the same transverse vertical section, 
when act- But when the ship is inclined by the action of some second 
edupon hy force, as that of the wind, a part of the body which was 
iwr*for«" Previously immersed is emerged, and a part which was 
^ ' above the surface of the water is immersed ; consequently 
the form of the portion of the body under the water is al- 
tered, and the centre of gravity of the displacement is car- 
ried over towards that side on which the increased immer- 
^on has taken place, while the position of the centre of gra- 
vity of the ship, with reference to its position in the ship, 
has remained unaltered, that being the point about which 
the revolution has taken place. But though the form of 
that part of the ship's body which is beneath the surface of 
the water afler the inclination, will differ from the form of 
that which was beneath the surface before the inclination, 
the total displacement will continue tlie same, since the 
weight of the ship has not been either increased or dimi- 
nished by the inclination ; consequently the solid con- 
tent, or the displacement of that portion of the body which 
is immersed by tlie inclination, will be exactly equal to the 
solid content, or the displacement of tliat portion which is 
emerged by the same cause. But the forms of these two 
solids, which we shall call the solids of immersion and 
emersion, are not necessarily similar, and therefore their 
centres of gravity are not necessarily situated in the same 
transverse vertical section of the vessel. If the centres of 
gravity of these two solids should be situated in the same 
transverse vertical section, the inclination of the ship will 
be round her longitudinal axis ; but if the centre of gra- 
vity of the solid of immersion be situated either before or 
abafl the transverse vertical section in which the centre of 
gravity of the solid of emersion is situated, in either case 
9ie motion of the ship in performing the inclination cannot 
Their ef- be round an axis coincident with its longitudinal axis; and 
fivt on the the position of the centre of gravity of the displacement, in 
cer.tre of passing to leeward of the position which it occupied before 
uisplace- ^® inclination took place, will be influenced by the rela- 
ment. ^^^^ situations of the centres of gravity of these solids of 
immersion and emersion. As this irregularity of motion 
is injurious to the ship, it is desirable to obviate it by regu- 
lating the form of the body, both above and below the 
load water-section, in such a manner that the centres of 
gravity of the solids of immersion and emersion may be in 
die same transverse vertical section of die ship. The form 
of that part of tlie body situated above and below the load 
water-line is also dependent upon the following considera- 
tions. Although the total displacement after the inclina- 
tion must necessarily be the same as that before the incli- 
nation, the shape of the ship's body may be such that there 
will be a tendency to immerse a greater or a less solid on 
the one side than is emerged on the other ; which tendency 
will have the efiect of causing the axis of rotation, and con- 
sequently the centre of gravity of the ship, to rise or fall in 
space during the inclination, and fall or rise in space dur- 
ing the return to the upright position ; for since the total 
displacement of the ship continues constant, the solid which 
is actually immersed cannot exceed that which has emerged. 
Their ef- It is therefore evident that the existence and extent of 
tecton the this motion must depend upon the position of the centre of 
centre of gravity of the ship, and also on the form of those parts sub- 
iJieVhfD!' J^^* ^ alternate immersion and emersion. For the better 
illustration of this point, we will suppose a ship of such a 
form, that when she is floating upright on the water, her 
sides between wind and water, that is, those parts of her 
sides subject to the alternate immersion and emersion, are 
verticaL We will first assume that the centre of gravity 
«f this ship is coincident with the centre of gravity of the 



yirst case. 



load water-section. In this case there will evidently be no Theory, 
tendency in the ship either to rise or fall during the inclina- ^ 
tion,* because the two prismatic solids intercepted between 
the load water-sections before and ailer the inclination are 
equal, and the axis of revolution of the ship is coincident with ' 
the line of intersection of the two load water-sections. Now, Second 
if we assume the centre of gravity of the shijp to be situated case, 
beneath the load water-section, and the incunation to take 

Elace, this centre being the axis of inclination, there would 
e a much larger solid immersed than was emerged, be- 
cause the line of intersection of the two load water-sections 
would be to windward of the longitudinal vertical section 
of the ship ; but in order to restore the equilibrium be- 
tween the upward pressure of the water and the weight of 
the ship, the axis of rotation or centre of gravity of the 
ship must rise until these two solids become equal. Again, Third cues, 
in the case when the centre of gravity of the ship is situ- 
ated above the load water-section, it will be evident that 
the tendency of the inclination of the ship round it would 
be to raise a larger solid out of the water than would be 
immersed on the other side, unless the weight of the ship, 
in its effort to restore the equilibrium between the upward 
pressure of the water and itself, were to cause the centre 
of gravity of the ship to be lowered until the two solids 
became equal. Now, if we suppose the sides of this same General 
ship were formed in such a manner as to fall outwards fromconclu- 
the load water-section upwards, we shall easily perceive, ^'°>^*- 
that in the case where the dentre of gravity was supposed 
to be beneath the load water-section, the injurious quality 
would be increased ; while in the case in which it was sup- 
posed that the centre of gravity was above the load water- 
section, it would be diminished. The foregoing examples 
are sufficient to illustrate the principle on which this cause 
of uneasiness of motion in a ship depends, and also to point 
out the means which must be taken to obviate it We 
see, then, that it is essential, not only that the centres of 
gravity of the solids of immersion and emersion should be 
in the same transverse vertical section, but also that these 
solids should be as nearly equal to each other at all incli- 
nations as possible, and that the greater the deviation from 
equality between the solids of immersion and emersion, the 
greater the strain the ship will be subjected to, and the 
greater will be the uneasiness o{ her motions. 

In order to obviate this fault, it would be necessary to Adjust- 
compute the exact position of the centre of gravity of the™^>3^ of 
sliip when completely ready for sea, that the correct pris-'?^®'® '**- 
matic solids of immersion and emersion might be ascertain- 
ed and adjusted to equality, and to have their centres of 
gravity in the same transverse vertical section. But the Ijibour 
computation of the exact position of the centre of gravity attendant 
of a ship completely fitted is a task of such magnitude, and, p°. <l^^r. 
in consequence, of such hazard of incorrectness, that it cwi centre^ f 
scarcely be considered practicable. Its position must be de-gj^yi^y ^f 
termined in relation to the three dimensions, length, breadth, ship, 
and depth ; relatively to two of these, however, it is ascer* 
tained from the consideration that it is necessarily in the 
same transverse vertical section as the centre of gravity of 
the displacement, and that, as it must al:»o evidentiy be in 
the longitudinal vertical section of the ship, it must be in 
the line of intersection of this transverse vertical section 
with the longitudinal vertical section of the ship. But its 
position in relation to the load water-section, if not deter- 
mined by experiment^ must be ascertained by a most te- 
dious and laborious calculation of the moments of the weights 
estimated from the load water-section, the sum-total of 
which moments being divided by the displacement of the 
ship, will give the perpendicular distance of the centre of 
gravity from the load water-section. This process has been 
gone through for several two-decked line-of-batUe ships at 
the late School of Naval Architecture, and it was ascertain- 
ed that the positions of Uieir centres of gravity varied from 
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Theory, seven to nine inches above the load water-section. We 
shall, in its proper place in this article, describe the manner 
of finding experimentally the position of the centre of gra- 
vity of a ship, merely here premising, it is assumed gene- 
rally, that in ships of war the centre of gravity is rather 
above the load water-section. 

In almost all classes of vessels, several of the transverse 
vertical sections on each side of the midship section are si- 
milar and equal to it, and generally the form of tliese sec- 
tions is such, that there would be but little disturbance, dur- 
ing the inclination of the ship, in the adjustmenU of the 
solids of immersion and emersion ; but the sections before 
and abaft these, as they approach the extremities, become 
more dissimilar in those portions of them above and below 
the load water-section ; consequently, although, as has before 
been said, the total volumes of immersion and emersion 
must necessarily be equal, the areas of the sections of the 
immersed and emerg^ solids, at any given transverse ver- 
tical section of the body, need not be equal ; it becomes there- 
fore necessary, to determine the position of the intersection 
of the inclined load water-section with the load water-sec- 
tion of the ship in her upright position. 

To deter- Suppose 6 (fig. 1) to fc^ the centre of gravity of the 

inine line of ship, AB the water-line 



int€ne& when she is upright, 
l"!?!,*^ and let it cut the ver. 



Fig.l. 




rizontal . , ,. ^^ . ■ 

within, bcal une GC m the 

clinedUmd point D. From the 

water-iec- centre of gravity G 

*»**»• draw GY, making the 

angle DGY equal to 
the supposed angle of 
inclination of the ship. 
TakeGYequaltoGD, 
and through the point 
Y draw the line OR 
perpendicular to GY. 
Then OR is the water- 
line which the ship will 
assume afier the in- 
clination. Let this inclined water-line intersect the water- 
line AB in the point S. Through D draw NM paral- 
lel to OR. It is clear that, supposing the centres or gra- 
vity of the solids of immersion and emersion to be in the 
same transverse section, in every vertical transverse sec- 
tion of the ship the disUnce DS will be the same, and the 
several poinU S, S, S, will be in the straight line forming the 
intersection of the two load water-sections, which line of 
intersection will be parallel to the longitudinal axis. Now, 
if, by a calcuUtion of the contents of the solids of immer- 
sion and emersion, which are represented in the figure by 
the triangles ASR and BSO, which contents may be calcu- 
lated by either of the niles for approximation, they are not 
found to be equal, they must be altered until they become 
so. In order to find the position of the point S, or the dis- 
tance DS, we have the area ASR equal to the area B^O, 
which odl equal to A, and let the area DSRM = a, and the 
area DSON = 6, 

then ADM = A + a, 
BDN = A— ft, 

and ADM — BDN = a +ft = MNOR 
= MNX ST nearly, 
= MN X DS X sin. of inclin. 



bolic area will be equal to two thirds the base multiplied in- Theory, 
to its perpendicular height. The moment of each of these ^^■^^r'*' 
areas may then be found by taking the sum of the product of 
the area of the triangle multiplied into the distance of its 
centre of gravity, estimated along the inclined line firom 
the point S ; and that of the product of the jparabolic area 
multiplied into the distance of its centre of gravity, also 
estimated along the inclined line from the point S. 

We have said, that when a ship is floating in equilibrium Ezplaia- 
on a fluid, the vertical upward pressure of the fluid acts in|^°" ^^^^ 
the straight line pauing throu^ the centres of gravity both ^ * 
of the displacement and of the vessel ; but that when she 
is inclinea by the action of any force, as that of the wind, 
the centre of gravity of the di^lacement is carried to lee 
ward of its fi)rmer position ; and as the vertical pressure up- 
wards of the fluid still takes place at the centre of gravity 
of the displacement, its direction should also pass to leeward 
of the position of the centre of gravity ; and thus a finrce is 
generated the tendency of which is to enable the ship to 
recover her upright position. We will now investigate the 
expression for the vidue of this force, in order to show the 
principle on which the actual calculation of its amount in 
ships is necessarily founded. 

Investiffoiion (fa General Expregsianfar the StabilUy of a 
Ship, and j)escripiion of the Method of calculating the 
Stability. 

Let ABC (fig. 2) be the midship section of a ship, and 
Pig. 2. 



orDS = 



ADM ^ BDN 
MN X sin. of inclin.' 



In order to obtain the areas of the sections of the pris- 
matic solids, chords may be drawn in each, which will di- 
vide it into two others, a triangular and a parabolic area. 
The trianguUur area will be equd to half the product of the 
base multiplied into its perpendictdar height. The para- 




ACthe line of its intersection with the suifiu^ of the water. 
Suppose ac to be the same line when the ship is inclinefi, 
K being the point of intersection of the two lines. Now, 
by the inclination of the ship, of which we have taken the 
midship section to be a representative, a solid will be im- 
mersea on the lee side of the longitudixuJ axis, and an emial 
solid emerged on the weather side of the same axis. Call 
these soUcb respectively I and £, and suppose them to be 
concentrated in their respective centres of gravity. Let 
the horizontal distance between the centres of gravity of 
these two solids be b. Then, since the inclination of the 
ship has had the effect of taking the solid £ from tlie dis- 
placement on the weatlier side of the middle line, and has 
added die solid I to the displacement on the lee side of the 
middle line, the same efiect is produced as if the solid £ 
had been transferred to I ; and the moment produced by Uiis 
transfer, which would be bl or 6£, is the moment which is 
actually produced in the horizontal direction along tlie dis- 
tance 6. 

Let G be the centre of gravity of the ship, F tlie centre 
of gravity of the displacement when the ship is uprighti O 
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Theory, the centre of gravity of the displacement when the ship is 

^**^^''^**' inclined. Draw OM perpendicular to ac» Then, after the 

inclination, the line OM will be vertical. From F and G 

draw FT and GV» perpendicular to OM, and from G draw 

GZ parallel to MO, cutting FT in Z. 

Now, when the ship has inclined so that the point O be- 
comes the centre of gravity of the displacement, the up- 
ward pressure of the water acts on the then vertical line 
OM, With a force equal to the weight of the ship, because 
it supports that weight ; that is to say, with a force equal to 
the oisplacement, which we will represent by D. But the 
axis of revolution is the point G the centre of gravity, and 
G V being drawn firom this point perpendicular to the direc- 
tion OM in which the force acts, D the displacement multi- 
plied by GV, its perpendicular distance from the axis of ro- 
tation, will be the force exerted to right the ship, or make 
it resume its upright position. But, by the construction, 

D X GV = D X FT — D X FZ. 
Now D X FT is the horizontal moment of the displacement 
produced by the transfer of the solid from the weather to 
the lee side of the middle line ; it is therefore equal to the 
horizontal moment 51, and consequently we have the effort 
to right the ship, or the moment of stability, as it is called, 
= W — DxFZ. 

But if s be taken = sin. of inclination, 
F2 = *Xrad. FG, 
orifFG = 4 then 
General ex- moment of stability = 61 — D*£^«. 

pression. Hence, in order to calculate the actual moment of stabi- 
Its value, jj^y ^£ ^ vessel at a given angle o£ inclination,' 

1. Assume an inclined 1<^ water-section, cutting the 
horizontal load water-section at an angle of which s is the 
sine ; and suppose the assumed inclined and the horizontal 
load water-sections to intersect each other in their common 
intersection with the longitudinal vertical section of the ship. 

2. Find, by the methods of approximation, the solid con- 
tents of the two prismatic solids of immersion and emersion, 
intercepted between the segments of the inclined and the 
horizontal load water-sections. 

3. Find, by the method of approximating to the area of 
plane surfaces, the area of the above-mentioned assumed 
inclined section. 

4. Find the value of DS (fig. 1), which has been shown to 
be equal to the difference between the contents of the pris- 
matic solids of immersion and emersion, already found, di- 
vided by the product of the area of the assumed inclined 
section, into s, the sine of the angle of inclination. 

5. Through the point S draw a section parallel to the as- 
sumed inclined section; find in each vertical transverse sec- 
tion the areas of each of the sections of the true prismatic 
solids of immersion and emersion ; and also find the horizon- 
tal moments of these areas from the point S. 

6. Find the horizontal distance of the centre of gravity 
of the whole emerged solid from S, assuming the emerged 
solid to be equal to half the sum of the two solids of immer- 
sion and emersion, which are intercepted between the seg- 
ments of the assumed inclined load water-section and the 
horizontal load water-section. 

7. Find also the horizontal distance of the centre of gra- 
vity of the whole immersed solid firom S, assuming the im- 
mersed solid to be equal to half the sum of tlie same two 
solids of immersion and emersion. 

8. Add these two distances together ; their sum will be 
the horizontal distance between the centres of gravity of 
the solids of immersion and emersion. Take the product 
of this distance multiplied into half the sum of the solids of 
immersion and emersion, and we shall have the value of the 
positive part of the expression for tlie moment of stability, 
or the value of bl. 

9. The product of three quantities, the displacement, the 
distance between the centres of gravity of the ship and of 



the displacement, and the sine of the angle of inclination. Theory, 
will give the value of the negative part of the expression, ^'^^v-^^ 

10. Subtract the value of the negative part of tlie ex- 
pression firom that of the positive part, and the remainder 
will be the value of the expression for the moment of sta- 
bility of the ship at the given angle of inclination. 

It will be seen that the calculation of the moment of 
stability of a ship is very laborious. Several of the steps 
above enumerated in order, will, however, have been al- 
ready taken for other purposes. The calculations may be 
considerably shortened by assuming a value for the distance 
DS, or the distance that the point S is firom the middle line 
of the ship. We have already described the method of as- 
certaining this distance correctly, but generally it may be 
assumed to be about two or three tenths of a foot-at first ; and 
if the solids of immersion and emersion are not foimd to be 
equal, or very nearly so, with that assumption, another point 
must be taken, either within or without the former, accord- 
ing as the solid of immersion or emersion is the lesser. If 
e be the difference between the two solids, and a the area 
of the first assumed inclined section, if s be the perpendi- 
cular distance between the true inclined section and the 

section we have assumed, ax will equal e nearly, or a; = -, 

which distance must be set off perpendicularly to the as- 
sumed section, and we obtain the correct position of the 
point S. 

In order to determine the distance d between the centre 
of gravity of the ship and the centre of gravity of the dis- 
placement, the distance of the centre of gravity of the ship 
iibove or below the load water-line must be ascertained. 
To avoid the labour attendant on obtaining the position of 
this point by calculation, it may be determined experi- 
mentally in each class of ships of war when fully stowed and 
oquipped. 

Method of ascertaining the Centre of Grawiy of a Ship by 
EocperimenL 

We shall describe two methods of performing this expe-On what 
riment. The first of these was proposed by Chapman, and principles 
he strongly recommended that it should be made on ships founded, 
of all classes. The principle on which it is founded is as 
follows. Various weights on board are removed in a trans- 
verse direction, so as to cause the ship to incline ; and the 
momentum of the total weight so removed will necessarily 
be equal to the moment of stability. Now the momentum of 
the weight removed will be equal to the product of the 
weights, the distance they are removed in a transverse di- 
rection, and the cosine of the angle of inclination ; which 
quantity, therefore, is equal to the moment of stability. If 
W represent the weights, a the distance they are removed, 
and c the cosine of the angle of inclination ; then, hi — "Dds 
being the expression for Uie moment of stability, we have 
this equation, 

W-a-c=W— D<fe, 

^ 61 — W • a • c 

•••^= — Si—' 

in which rf, the distance between the centre of gravity of 
the ship and the centre of gravity of the displacement, is 
the only unknown quantity, and may therefore easily be 
found. 

We shall now describe the method by which this expe-Itsapplica- 
rimcnt was applied to determine the centre of gravity of her ^on to the 
majesty's ship sloop Scylla, of eighteen guns, and which Scylia. 
was originally an eighteen-gun brig. She was lying in 
Portsmouth harbour in May 1830, under the command of 
Captain Hindmarsh, at whose request the experiment was 
performed, by the late Mr Morgan of the School of Naval 
Architecture, then a foreman of her majesty's dock-yard at 
Portsmouth, assisted by the writer of the present article. 
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'FheoiTf. These particulars are mentioned because it was the first, if 

^^•■"v"^^ it be not the only, example, in this country, of determining 

theposition of the centre of gravity of a ship experimentally. 

The draught of water was taken very correctly, the 
water being smooth, and was found to be, forward eleven 
feet six inches, abafl fourteen feet ten inches and a half. 
The deptli of the keel and false keels below the lower edge 
of the rabbet of the keel was, forward one foot nine inches, 
abaft one foot three inches. The ship was perfectly up- 
right, all the weights, inclusive of the crew, being equally 
balanced on each side. A large quadrant marked to a scale 
of degrees, with a plumb attached to the centre, was fixed 
in the main hatchway, to measure the inclination. The 
stations of the carronades and long gun on one side were 
marked on the deck, they' were then moved to the other 
side, keeping them in the same transverse lines ; the shot, 
the hammocks, and the crew, were also passed over to the 
inclined side, under the same condition. The distance 
which every weight had been moved was then measured. 
The weight of the shot moved was known, the weights of 
the long gun and the carronades were taken firom the 
weighty marked on them, and the weights of th^men and 
hammocks were obtained by weighing them. The inclina- 
tion of the ship was then observed to be 6° 20'. The pro- 
duct of the weights which had been moved, multiplied into 
the distances they had been moved in a transverse direc- 
tion, in feet, was equal to 264-5 tons. This moment, multi- 
plied into the cosine of the angle of inclination, was evi- 
dently equal to the moment of the stability of the ship. 

Let D be the displacement of the ship in tons ; I the vo- 
lume immersed by the inclination, also in tons ; b the dis- 
tance between the volumes immersed and emerged ; and d 
the distance between the centres of gravity of the displace- 
ment and the ship. 

Then bl — dDx sin. 6** 20' = 264-5 X cos. 6* 20', 
, _ ^I— 264-5 X COS. 6<> 20^ 
sin. 6« 20^0 
By substituting the values of bl and D obtained by calcu- 
lation, in this expression, tlie value of dj the distance be- 
tween the centre of gravity of the displacement and the 
centre of griivity of the ship, is obtained. 

446-2 — 262-8 oac . 

^= 50^85— = ^'^^""^ 

The distance of the centre of gravity of the displacement 
below the load water-line being equal to 3*97 feet, .S*97 
— 3-6 = -37 will be the distance of the centre of gravity 
of the ship below the load water-line at the time of mak- 
ing the experiment. 

When ttie ship was at Spithead, completely fitted out, 
with every thing on board that was deficient at the time of 
making the experiment, and with her provisions and stores 
for four months, the draught of water was again taken, and 
found to be, forward twelve feet six inches, abaft fourteen 
feet ten inches. The weights of all the articles brought on 
board since the experiment amounted to 33*4 tons, and the 
moment of these weights calculated above the water-line 
at the time of sailing was =r 193 tons; the height of the 
centre of gravity of the sails being estimated as in the case 
of a top-^Iant breeze. 

The moment of weights below this water-line at the time 
of making the experiment = 401 tons, 
401 — 193 

494-4 ='^^fe^^ 
The situation of the centre of gravity of the ship was -42 
foot, or five inches, below the water-line, at the time of 

II Jsofthe "^^ correction to the result of this experiment which we 
experiment ^^ ^^ ^ ^ made at Spithead, in consequence of the ad- 
doubtfuL ditional weight that had been taken on boiu-d after the ship 



had left the harbour, must, from the great hurry incidental Theory, 
to any observations made at the time of a ship's sailing, ^*'"*v^^ 
throw some doubt on the correctness of the final result ; and 
it would be therefore desirable that it should receive the 
confirmation of a second trial on some similar ship, before 
its being assumed as conclusive to be the correct position 
of the centre of gravity of a sloop of war. 

The second method was proposed by Mr Abethell, aEzperimer 
member of the late School of Naval Architecture, and wast^J method 
published in the second volume of the Papers on Naval Ar- '^^^^^^ 
chitecture. It is applicable whenever a ship is taken into** 
dock with the under side of her keel deviating from paral- 
lelism with the upper surface of the blocks. This is almost 
always the case ; and it also not unfirequently occurs that 
ships are docked '' all standing," and with so large a port> 
tion of their armament and stores on board, that the cor- 
rection necessary to be made to the result which would be 
obtained by the experiment and investigation about to be 
described, in order to make that result agree with the cir- 
cumstances of any additional armament and equipment, 
would be comparatively easy. We will now quote from the 
article in question. 

** We will suppose, by the falling of the tide in the dock, 
the after-extremity of the keel to come first in contact with 
the blocks ; then, as the tide continues to fall, the after-body 
is gradually forsaken by the water, and the fore-body fur- 
ther immersed, a constant equilibrium being maintained be- 
tween the total weight of the ship and the pressure of the 
water against the immersed part of the body, until the ship is 
aground fore and afc At any intermediate instant the snip 
may be considered as a lever of the second kind, of whi<£ 
the fulcrum is the transverse line or point of contact of the 
keel and afler-block, and the power and weight the weight of 
the immersed volume and that of the ship respectively, ead) 
acting in the vertical line passing through its centre of gra^ 
vity. As we can, by mensuration and calculation from the 
draught of the ship, easily find its weight, that of the im- 
mersed volume, and the perpendicular distance of the line 
of pressure from the ifulcrum ; in the equation of the mo- 
ments, the distance of the vertical line passing through the 
centre of gravity of the ship is the only uiumown quan- 
tity, which is therefore readily determined. AN (fig. 3) 

Fig. 3. 




represents the water-line corresponding to the floating po- 
sition of the ship, and KL the observed water-line just 
previously to the fore-part of the keel touching the blocks. 
The line PBO, perpendicular to AN, passes through the 
centre of gravity of the displaced volume AFMN, and 
consequently through that of the ship. Draw QH through 
the centre of gravity of the volume KFML, perpendicuUur 
to KL, and FG through the fulcrum F, parallel to QA 
Then, putting the total displacement AFMN = V, KFML 
= V, and GH = 6; if the line SEO, parallel to QH« be 

btf' 
drawn at the distance G£ from G equal to -^ it will, as 

well as PBO, pass through the centre of gravity of the ship» 
which will be in O, the point of their intersection. 

<* To obtain from these considerations a general expres- 
sion for the perpendicular distance of the point O firom the 
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Other me- 
thcNis. 



Theorr. water-\\T\e AS, A^aw AD perpendicular to EG, and meet- 

' ing it, when produced, in D ; apd, having calculated the 

values of AB and GE, put AB =a, DE or DG + GE = ct 

and the angle of inclination between the water-lines AN 

and KL = A ; then BO 2= ( c/) a) ; which must 

Vcos. A /tan. A 

be set off upon the perpendicular PBO, above or below AN, 

according as is greater or less than a." 

° COS. A ° 

There are several other methods by which the centre of 
gravity of a ship may be found experimentally. One was 
proposed by Don Juan d'Ulloa, a Spanish writer on naval 
science, and a navigator and mathematician of very great 
eminence, whose works are among the best extant on the 
subject of the theory of ships. They have been translated 
into French ; and the description and investigation of the 
experiment for finding the centre of gravity of a ship has 
been translated into English by Mr R^d, in the Essays and 
Gleanings on Naval Architecture, a periodical work con- 
ducted ror a short time with great ability by Messrs Laire, 
Read, and Chatfield, all members of the late School of Naval 
Architecture. Another method was proposed by a student 
at the same establishment, since dead, named Barton. This 
method was published in the fifth number of Papers on 
Naval Architecture. 

.We have hitherto, throughout our investigations, assumed 
that the vertical pressure upward of the water to support a 
ship acting in the direction of its resultant, must exert a 
force tending to resist the force of the wind by which we 
have supposed the ship to be inclined. We shall now pro- 
ceed to snow that this is not necessarily the case, but that 
the tendency of this force may not be to act in the manner 
we have hitherto assumed it as acting ; and that its effect is 
dependent upon the position of the centre of gravity of the 
ship, the point around which she is supposed to revolve in 
inclining. There are three cases which may occur. The 
first is, that the vessel, when acted upon by the force of the 
wind, may assume a permanent inclination. This perma- 
nent inclination would ensue if the resultant of the upward 
pressure of the water were, afler the inclination, still to pass 
through the centre of gravity of the ship. The second case 
is that in which the vessel would recover the upright posi- 
tion immediately on the removal of the inclining force. 
This would ensue whenever the resultant of the upward 
pressure of the water, afler the inclination, would pass on 
the immersed or lee side of the centre of gravity of the 
ship. The third case is that in which the effect of the ver- 
tical upward pressure of the water would be to increase the 
inclination of the ship. This would ensue whenever the 
direction of the resultant of the upward pressure would pass 
on the emerged or weather side of the centre of gravity of 
the ship. These three states of equilibrium, which arise 
from these considerations, are called the state of insensible 
equilibrium, of equilibrium of stability, and of equilibrium 
of instability. 

On (he Metacentre, 

It is evident, from the foregoing considerations, that there 
is some limit to the height of the centre of gravity of a 
ship, and below which it must necessarily be placed, in or- 
der that the upright position may be recovered ; that is, 
that the ship, when inclined by the force of the wind, may 
be in an equilibrium of stability. The situation of this 
point was first investigated by Bouguer, who called it the 
Metacentre, which name has been generidly adopted by sub- 
Height of sequent writers on naval architecture. Its height is deter- 
metaoentre. mined in the following manner : The vessel is supposed to 
be inclined through an infinitely small angle of indination, 
that the intersection of the new load water-section with that 
previous to the inclination may not be supposed to deviate 
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vertical 
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nation. 

Three 

cases. 



A limit to 
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gravity of 
a ship. 



from the middle line of either, so that the infinitely small Theory- 
solids of immersion and emersion may be considered to be '^""^v'^*- 
equal to each other. Then the point in which the new line of 
direction of the vertical upward pressure of the water will 
cut the line of direction of the same vertical pressure be- 
fore the inclination, is the point beneath which the centre 
of gravity must necessarily be situated to insure the vessel's 
floating on the water in the equilibrium of stability. 

In order to determine the height of the metacentre above 
the centre of gravity of the displacement, let the half 
breadth at the water-line AB of the midship section ADB 
{dg. 4) = y. Let E be the centre of gravity of the dis- 

Fig. 4. 




placement before the inclination, F the centre of gravity of 
the displacement afler the inclination, and let ab be the 
new water-line ; then through E and F draw EG and FG 
respectively perpendicular to the water-lines AB and ab. 
They will meet each other in some point G. G, the point 
of their intersection, is the metacentre, and EG is the height 
of the metacentre above the centre of gravity of the dis- 
placement. 

The triangles A Co, BCb are equal, by the conditions 
of the construction ; and if x be the length of the pris- 
matic solids of immersion and emersion, ACa'dx and 
BC5 * dx are equal, and may be supposed to be concen- 
trated in their respective centres of gravity M and N, MN 

4 
being by construction ^. Then the moment of the trans- 
fer of the solid of emersion to the position of the solid of 
immersion = BC6*efa;*Qy. Let Aa = B6z26. But the 

triangle BC6 = —-, therefore the moment of immersion 

= %^bdx, therefore r|i/*Wc = D • EF; but 



^:y::EF:EG. 



1. EF 
^ = EG^- 



EG 



By substituting and multiplying both sides by •=:=- 

/> = D.EG, /i*^ = Ea. 

The height of the metacentre is the measure of stability A measun) 
used by the French naval architects, and indeed gene- of itabiliiy. 
rally by all since the first investigation of its principles by 
Bouguer in his Traite du Navire, The error in its prac- 
tical application is, that the investigation involves the erro- , 
neous supposition, that the transverse sections of tlie im- 
mersion and emersion are right-angled triangles, and that 
the horizontal distance between their centres of gravity is 
two thirds the breadth of the load water-line. Tnese ai- 
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Theory, sumptions are only true at an infinitely small angle of incli- 
^T^T*' nation, and at such only, therefore, is the height of the me- 
*^J^**^y tacentre a correct measure of stability. Atwood, who pub- 
^f in^.y^f*lished two papers on the stability of floating bodies, in the 
tion. Philosophical Transactions for the years 1796 and 1798, 

was the first who pointed out the error in the metacentric 
measure of stability, and who proved that it was neces- 
sary to involve the actual content immersed or emerged, 
and the correct distance between the centres of gravity of 
the solids of immersion and emersion, in the expression, 
in order to apply it to the measuring the stobility of bodies 
at finite angles of inclination. It is therefore to him that 
the theory of ships is indebted for the correct solution of 
the problem on which the stability at finite angles of incli- 
nation depends. 
Atwood's Atwood agrees with Bouguer in his general reasoning on 
reasoning the metacentre, and even admits that it may be used at 
oil the m- ygry small angles of inclination, as a sufficiently accurate 
^J"y^j^^ measure of the stability; but asserte the danger of its ap- 
sure. plication to practice as a measure at all angles. He shows 

that two ships may have precisely the same load water- sec- 
tion, which, supposing the relative distance between the 
centres of gravity of the ship and of the displacement equal 
in both ships, will determine the height of the metacentre 
to be the same, and consequently, according to the meta- 
centric theory, the stability to be equal ; and yet, from a 
difference in the forms of the ships' bodies within the limits 
of the immersion and emersion, the moments of stability, 
Practical when correctly measured, may be very different. But while 
error gene- we State this as the result of Atwood's inquiry, we must ob- 
rully unim-g^rve, that the practical error between the metacentric me- 
portant. ^^ ^^ Bouguer, and the certainly correct method investi- 
gated by Atwood, is not of any importance for small angles 
of inclination, especially in large ships ; and further, that a 
constructor who is acquainted with Atwood's investigations, 
and who is therefore aware of thecorrect principles on which 
the stability of ships depends, may safely apply the meta- 
centric method in his practice, as his bodies will be formed 
in accordance with the results of AtwoodV investigations. 
It will only be in cases of some important alteration from 
previously existing form, dimensions, or services, that the 
labour attendant on the calcuUtions involved in Atwood's 
expression will be necessary. 
General The question may probably be stated to resolve itself 

cuiiclusioni. nearly into this. That ships might be built, in which the 
stabilities calculated by the two methods would vary very 
considerably ; also, that at very great angles of inclination 
the stabilities of ships, such in form as are sometimes built, 
would be found to differ very greatly when calculated by 
the two methods, but that a constructor acquainted with both 
methods would never construct a ship, using only the me- 
tacentric method in the progress of his worl^ which would 
be proved unstable if Atwood's calculations were applied to 
the finished design. 

In applying the expression f V^ to find the height 

of the metacentre, we may again have recourse to the 
rules of approximation. The common rule for obtaining 
the area of^a plane surface may be applied, substituting the 
cubes of the ordinates of the load water-section instead of 
the ordinates themselves. 

The result will be the value oft^dXt and two thirds of this 
value divided by the displacement will give the height of the 
metacentre above the centre of gravity of the displacement. 

The reader who wishes to refer to cases of stability as 
connected with particular forms, should consult Atwood's 
papers in the Philosophical Transactions, or rather Mr 
Bead's able simplification of them in the Essays and 
Gleanings on Naval Architecture, and also his Disquisition 
on the Metacentre, in Papers on Naval Architecture. 



On t/ie Principal Dimensions of a Ship. 



Theorj. 



In a ship of war the efficiency o£ the armament is neces- Dimcn- 
sarily the primary object of the design ; this must therefore no«« ^^ 
determine the dimensions : also, whether in a fleet or in §?^|^_*^" 
a single ship, the greatest effective force must be obtained ^^^^^ 
at the least expense ; or, as when ships are built, masted, 
rigged, and their armament completed, all of similar mate- 
rials, their expenses will vary as their displacements, the 
object to be attained is the greatest effective force with the 
least displacement. 

But there is another point involved in the question of the Variable 
efficiency of the armament, which very materially influences quantltiet 
the displacement. It is the time for which a ship is intend- to com. 
ed to maintain her armament in an efficient state, without Pj^^^*" 
otlier aid than that which she can carry. This brings us tOj^^^^^ 
the consideration of the variable quantities which are to be 
added to those before enumerated, to complete the load-dis- 
placement. The crew is dependent on the armament alone, 
and therefore is included in the term armament. But the 
provisions for this crew, and the stores for the wear and 
tear of the ship and the service of Uie guns, are dependent 
on the time that the ship is intended to remain at sea with- 
out replenishing these resources. It is evident, that the 
longer this time, the greater must be the displacement, and, 
consequently, the larger should be the dimensions in pro- 
portion to the armament 

It results, from the foregoing reasoning, that the nation Practical 
with the most wide-spread possessions, and therefore the advantages 
most frequent opportunities for refitting and replenishing »tte°^>">f 
her fleets, has the advantage over all others. For she may J^J^^'J^^^^ 
maintain equal armaments at less expense, or superior ar- 
maments at an equal expense ; while she may also avail her- 
self, in the one case, of additional velocity, which may be 
attained with the diminished displacement. 

Many arguments might be deduced from the same con- 
siderations in favour of the principle of occasionally design- 
ing specific ships for specific services. These of course 
woula only apply to the fleets of those nations which aspire 
to wide-spreaaing and predominant naval power. 

We shall now offer some general remarks on the two di- Lenjfth and 
mensions, the length and the breadth. It will be evident, *'^***'^**\ 
from the foregoing observations, that the minimum length J^j^ Jon. 
is the space required for the perfectly efficient working of 
the guns, and that the minimum breisuith is the space re- 
quired for their recoil and effective service, without hind- 
rance to the manoeuvres of the vessel, in the most disad- 
vantageous state of weather during which they can be used. 
This consideration necessarily involves a defined and a suf- 
ficient moment of stability. These minima are the dimen- 
sions due to the ship when masted and rigged, and with her 
armament completed : any increase is dependent on the dis- 

Elacement necessary for the additional stowage tliat may 
e required for a specific time of service, longer than that 
time for which the ship, as thus determined, would be ade- 
quate. Then the increased dimensions due to this increas- 
ed displacement being ascertained, under the same condi- 
tions of perfect efficiency in the vessel, any increase of one 
dimension must be followed by a diminution of the other ; 
or the displacement, and consequently the expense, will 
be above tne limit required for the armament 

We shall now proceed to show the effect on tlie quali- Effect of 
ties of the vessel, of the separate increase of either dimension ; increase ; 
always premising, that in each case all things else are sup- 
posed to remain the same, excepting the dUmension under 
consideration. First, then, the length. The displacement, of length, 
the stability, and the resistance to leeway, vary directly as 
the length ; therefore we increase all these oualities in pro- 
portion to the additional length. But we also increase the 
violence of pitching and 'scending; for the momenta of the 
weights in Uie fore and after bodies vary as the squares of 
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Theory, their distances from the axis of rotation, consequently we 
^*— "^z^"*' increase the strairt on the combinations of the structure ; 
• and as the strength to resist this strain varies inversely as 
the length, we diminish the power to resist this increased 
strain. By an increase in the length we also increase the 
effect of the resistance of the water to the rotation of the 
vessel in the manoeuvres of tacking, wearing, and other 
changes of her course. 
of breadth. By increasing the breadth, and by breadth we mean the 
whole breadth of that part of the body included in the li- 
mits of the immersions and emersions, we increase the 
stability, which varies as the cube of the breadth. Also, 
the angular momenta of the weights, estimated from the 
axis of rotation,, vary as the squares of their distances from 
that axis, and itie momentum of the stroke of a wave is in- 
creased in the same proportion ; therefore the increase of 
stability is accompanied by increased violence in the mo- 
tions, and consequent increased strain on the combinations 
and materials of the structure, and especially danger to the 
masts, by which the safety of the vessel may be compro- 
mised. The stability of a ship being the quality on which 
the efficiency of her armament is essentially dependent, and 
which also, by enabling her to carry a press of sail in cir- 
cumstances of danger, as a lee shore, or an enemy of supe- * 
rior force, is essential to her safety ; the only limit to its 
increase is involved in the consideration of easiness of mo- 
tion. But if this consideration be neglected, and the 
breadth be such that the moment of stability in proportion 
to the moment of sail is so large, or of such sudden increase, 
that the masts are endangered or the combinations of the 
structure prematurely destroyed, the object for which a 
large moment of stability was desirable is fhistrated. The 
breadth, therefore, is limited by easiness of motion. 

By increase of breadth we increase the stowage, which 
varies as the breadth ; but since the direct resistance to 
the progress of the vessel also varies as the breadth, in this 
case we do not gain increase of stowage without an increase 
of the direct resistance. 

Having thus pointed out in general terms the effects of 
an increase either of length or breadth, we shall quote from 
a very able article in the fifth number of Papers on Naval 
Architecture, written by Mr Bennet, a member of the abo- 
lished School of Naval Architecture, containing some more 
particular observations on the breadth of vessels in proportion 
Small ships to their armament and in relation to their stability. *^ The 
should capacities of ships increase as the cubes of their dimensions, 
have great- whereas the stability increases as the fourth power of their 
brewiih*^* dimensions. The inference to be drawn from this is, that 
ihan^laiTO ®™*^* *^*P® should have greater relative breadth than large 
ships. ships. This, however, must be understood with certain limi- 
tations : it may be a general, but not an universal truth. 
Were all ships homogeneous ; tlius, if a navy consisted en- 
tirely of corvettes, the corvette of eighteen guns ought to 
be relatively broader than the corvette of 120 guns : this 
is a rule without any exception. It may be farther observ- 
ed from the previous remarks, that the corvette of eighteen 
guns should be relatively broader than the three-decked 
ship of 120 guns ; but if a ship were built to carry 120 guns 
on four or even on five decks, her relative breadth should 
tlien approximate to, and should most likely exceed, that 
of the corvette, in order to insure sufficient stability. The 
consideration of this simple case may tend to elucidate the 
principles of stability when applied to cases of greater diffi- 
culty. If a three-decked ship of 120 guns is to carry the 
same force on a greater number of decks, her absolute 
length would of course be reduced; and supposing her 
breadth to remain the same, the positive part of the expres- 
sion of stability would be thereby diminished. The dis- 
placement, which is one element of the n^;ative part of 
the expression, would probably remain nearly the same, as 
the additional weight of topside might counterbalance the 



.reduction of weight occasioned by less length. If the dis- Theory, 
placement be equal in each case, the dcaught of water ^-^^Y^*^ 
would be increased from the diminution of length ; this 
would lower the centre of gravity of displacement, which, 
together with the centre of gravity of the ship being raised 
by the additional weight above the water, would increase 
the distance between the centre of gravity of the ship and 
that of the displacement. On the whole, therefore, the po- 
sitive part of the expression would be diminished and the 
negative part increased, so that the stability would be less 
in a ship of the same force and breadth as another ship, 
but which carried her guns on a greater number of decks. 
" Having seen the necessity, in the case of a ship carrying 
the same number and weight of guns as another ship, but 
on more de^ks, of increasing the breadth, in order to avoid 
a deficiency of stability, we may evidently trace the same 
principle existing between the largest ship of an inferior 
class, and the least ship of a superior class. In which, if the 
number of guns be not equal, it approximates sufficiently to 
make the application apparent ; so that in the several gra- Least ves- 
dations of corvettes, frigates, two-decked ships, and three- ael of each 
decked ships, the least vessel of each class is liable to be^l^^ li^^*|^ 
wanting in stability, from its small comparative dimensions^? ^ .^^^'' 
not sufficiently counteracting the effect of additional flecks ^l^^-i^"^ 
and guns. In this case, therefore, above all others, particu- 
lar care should be taken to give sufficient breadth to com- 
pensate for a tendency to deficiency in stability ; so that, 
without much liability to error, we may conclude, — 

*^ 1st, That the small frigate should be relatively broader General 
than the large corvette. conclu- 

" 2d, That the small two-decker should be relatively b'^^"^^' 
broader than the large frigate. 

'< Sd, That the small three-decker should be relatively 
broader than the large two-decker. 

" Between each of these varieties there will be a certain 
point, if the expression may be used, where the superior 
and inferior classes of ships should have the same ratio of 
length to breadth. This arises from the enlargement of their 
dimensions increasing the stability in a greater proportion 
than the weight of additional decks and guns diminishes the 
stability. Thus, 

" 4th, The middling-sized frigate should have the same 
ratio of length to breadth as the large corvette. 

" 5th, The middling-«ized two-decker should have the 
same ratio of length to breadth as the large firigate. 

<< 6th, The middling-sized three-decker should have the 
same ratio of length to breadth as the large two-decker. 

'* As corollaries from the first three observations, we may 
remark, 

** 7 th, That the large corvette should be relatively broader 
than the large frigate. 

** 8th, lliat the large frigate should be relatively broader 
than the large two-decker. 

'^ dth, That the large two-decker should be relatively 
broader than the large three-decker." 

The depth or draught of water is more dependent on Draught of 
local circumstances than on accurate principles. A fleet water de- 
intended to traverse die Atlantic may have far different P^"<l^°^on 
draughts of water firom the ships of one that is destined for^^*^^*y* 
the Baltic Cruizers for the open seas may be much deeper 
than those intended to watch an enemy's coast. 

The average light draught of water which a ship will Maybe ap- 
swim at, or the average load draught of water that will bepro^iinAt> 
found necessary for her, may be easily and accurately iqp-^ ^* 
proximated to by means of the calculations of the displace* 
ment which have been already explained. 

The actual water-line, with the difference of draught of 
water which it may be considered necessary to insure to 
the vessel, may also be approximated to in the design of a 
ship, or approximately determined from the drawing of a 
ship already designed, on the following principle. Suppose 
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the body of the vessel to be divided, at the vertical trans- 
verse section passing through the centre of gravity of the 
displacement, into two, the fore and afler bodies; then, if the 
depths of the centres of gravity of the displacements of the 
two parts of the vessel below the assumed water-line be 
determined, a line joining these centres of gravity will ne- 
cessarily be nearly parallel to the seat which the vessel will 
assume in the water. 

Tables have been formed by Mr Cradock, a member of 
the late School of Naval Architecture, for facilitating the 
stowage of the ballast in ships, in order that they may sail at 
a determinate trim. These tables, being deduced from vari- 
ous ships in her majesty's service, afford approximations for 
similar vessels ; but when there is a dissimilarity in size and 
form, we quote from the preliminary remarks to the tables, 
^ in order to place the ballast in such a position, that when 
all the weights are on board no alteration in it shall be ne- 
cessary. The difference between the light draught of water, 
and tiiat to which it may be proposed to bring the ship 
when fully equipped, being known, the centre of gravity of 
this part of the displacement may be found. And if through 
this point a transverse vertical plane be supposed to pass, 
the ballast must be so placed that its moment from it, to- 
gether with the moments from the same plane of all the 
.other weights put on board, may be equal to nothing." The 
length of these calculations is a convincing proof of the 
value of such approximating tables. 

It is almost an universal custom in all vessels to give a 
greater draught of water abaft than forward. Occasional 
attempts have been made to discontinue this practice, as in- 
volving a supposed unnecessary increase in the water re- 
Quired for floating a ship ;^but the increased draught of water 
for the after-body has been reverted to as essentially requi- 
site in practice. 

There are several minor advantages which result from 
this arrangement ; such as the more easy and unchecked 
flow of the water to the rudder, and its consequent increased 
effect in governing the motions of the ship; also the di- 
minution of the negative resistance which tne vessel would 
otherwise experience from the greater difficulty with which 
the flow of water would fill the vacuity caused by the pas- 
sage of the vessel, if the fulness of the after-body were such 
as would be required to preserve an even draught of water; 
and again, the adjustment of the resultant of the resistance 
of the water to that position of the masts which experience 
has determined to be requisite for the facility of manceuvring 
the sails. But the principal reason for the inequality in the 
draught of water appears to be the advantage which results 
from it to the more easy regulation of the motions of the 
vessel by an adjustment of the resultant of the resistance of 
the water on the lee side when on a wind. 

This will be more apparent in a future portion of this ar- 
ticle, in which we shall consider the forces which act on a 
ship when in motion. The idea intended to be conveyed 
is, that the flatness of the after -body along the deadwood 
may be considered as a reserve of lateral resistance, to be 
brought into operation whenever the pressure of the water 
on the lee-bow would oth^wise draw the resultant of the 
water too far forward. 

The dimensions of the merchant-shipping of England 
have been so shackled by the operation of the tonnage laws, 
that it is in vain to expect to find in their proportions any ap- 
proximation even to those which experience has proved are 
most advantageous for safety and for velocity. We take 
the following table from Hedderwick's Treatise on Marine 
Architecture, which being the most modem work on the 
mercantile navy, we* presume contains details of the most 
modern practice. 

" Sloop Margaret, 60 tons, breadth to length as 34*8 to 100. 
^ Smack Regent, 142 tons, breadth to length as 84*2 to 100. 
** Smack Matchless, 170 tons, breadth to length as 33-4 to 100. 



" Smack Royal Sovereign, 204 tons, breath to tength as 32*0 Theory. 

to 100. ^*''>^'^*^ 

*< Schooner Charlotte, 101 tons, breadth to length as 31*5 

to 100. 
<' Schooner Glasgow, 155 tons^ breadth to length as 31*0 

to 100. 
'< Brig Down Castle, 149 tons, breadth to length as 30*0 to 100. 
" Brig William Young, 303 tons, breadth to length as 28*6 

to 100. 
" Ship Mary, 368 tons, breadth to length as 2'/*9 to 100. 
<< Ship Albion, 505 tons, breadth to length as 25*10 to 100. 

" The average depth of the sloops and smacks is about 
five ninths of their breadth ; schooners and brigs, from se- 
ven twelfths to three fourths ; and large brigs and ships, 
firom three fourths to two thirds." 

This immense proportionate depth is the natural result 
of the old rule for calculating the tonnage ; according to 
which tonnage the worth of the ship was estimated, and all 
the dues and duties levied. The rule involved only the di- 
mensions of length and breadth, and consequently left the 
de[)th to be increased without limit, or rather viuth no other 
limit than the depth of the harbours the vessel was destined 
to trade to. Now, Chapman, in the Architectura Navalu 
Mercataria, gives an expression to which he says the velocity 



may be considered proportional : it is 
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represents the breadth, L the length, and D the depth to 
the bilge ; from whicli expression it is evident the depth 
is the dimension the most detrimental to the velocity. ViJu- 
able tables of some of the elements of design of the present 
classes of merchant-ships have been published by Mr Par- 
sons, formerly of the School of >iavid Architecture, under 
the title of Scales of Displacements. 

Investigctdon of the Forces which ad on a Ship tohen in 
Motion, as they iujlaence her Form and Qualities. 

We have now described the methods by which the seve- 
ral calculations for determining the elements of the design j^^^j^^ 
for a ship may be performed ; and have also pointed out, in 
general terms, the dependence of the several principal di- 
mensions upon each other, and their respective influence 
on the qualities of a vessel. We shall proceed to offer 
some more particular remarks on the forces of the wind on 
the sails and of the water on the hull when the ship is in 
motion, and investigate some of the principal phenomena 
of their action ; as it is only by a consideration of the in- 
fluence of these forces on the motions of the vessel that 
the naval architect can form a correct idea of the essential 
requisites for the design of a ship's body, or the position or 
proportion of the masts, the area of the sails, and the posi- 
tion of their centre of effort- The investigations into which Questions 
we shall enter in this portion of the subject may perhaps be interesting 
found in some cases eq\ially useful to die sailor as U> the alike to the 
naval architect, as he will trace in them the means for de- "f *^°'' *"'J 
veloping the powers of the vessel he may command, or of 'l^?.*^^ 
obviating by the appropriate remedy any error inherent to 
her design or equipment. 

The motion of pitching is generally the most violent ac- pitchinif 
tion to which a ship is subjected, and the most injurious, and. *scen- 
both to the connection between the parts of her structure, ding, 
and the velocity of her sailing. It is the longitudinal mo- 
tion, caused by the variable support afforded to the body 
by the waves as tlie vessel passes over them when on 
a wind, and by the constant action of the gravity of the 
unsupported part of the body to recover the state of equi- 
librium which, before the commencement of the motion, 
had existed between it and the buoyancy of the fluid. 
The motion will continue as long as the course of the ves- 
sel remains the same in relation to the set of the seas, and 
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Theory, as long as the inequality of the surface of the water con- 
^*"**v^*^ tinues ; but when the direction of the wind on the vessel 
becomes such that she no longer meets and passes over 
the seas, so that it may be said to act in conjunction with 
gravity, in offering a constant opposition to the vessel's 
oscillations, the motion will cease. For these causes, the 
pitching motion can only exist to any great extent when a 
vessel is on a wind : then, its force wiU depend on the de- 
gree of inequality of the surface of the water, on the quick- 
ness or slowness of the succession of the waves, on the di- 
rection in which they strike the bow of the vessel, and on 
the shape of the bow, as this greatly influences the degree' 
of violence with which it meets the water, and the resistance 
it opposes to submersion, 
may be di- The least injurious action of pitching occurs when the 
minuihed. gtate of the sea is such that the motion of the ship may be 
supposed to take place round a line passing through its centre 
of gravity as a fixed axis of rotation ; for then the motion 
may be compared to the oscillations of a pendulum, and its 
extent may, in a great degree, be regulated by either increas-* 
ing or diminishing the length of the isochronal pendulum, 
according as the state of the sea appears to require the oscil- 
lations to be made in longer or shorter periods. These effects 
may be severally produced^ by removing weights further from, 
or by approaching them nearer to, the axis of rotation ; that 
is, by increasing or diminishing the moments of inertia of the 
fore and afler parts of the body round its axis of rotation. 

But it is, as lias before been said, only in some states of 
the sea that the pitching motion in a vessel can be compared 
to the oscillations of a body round a fixed axis of rotation 
passing through its centre of gravity, and where the mo- 
ments of inertia of both the fore and after bodies oppose 
the motion ; for, under many of the circumstances of heavy 
seas, though, at the commencement of the motion, the axis 
of rotation may pass through the centre of gravity of tlie 
ship) it will pass abaft it as the wave passes afl. In this 
case, then, the moment of inertia of the body b^ore the 
axis of rotation, which, when this axis passed through the 
centre of gravity, was equal to the sum of the particles in 
that body multiplied by the squares of their distances from 
the axis of rotation, will become, at any instant afterwards, 
when the axis of rotation shall have passed abaft the centre of 
gravity, increased, by the difference between this quantity 
and the sum of the products of the particles in the then fore- 
body, multiplied by the squares of their distances from the 
new axis of rotation ; consequently the moment of inertia of 
the fore-body will be constantly increasing until the end of 
the motion, while the moment of inertia of the part abaft 
the axis of rotation will be constantly diminishing, under 
the same limits ; that is, the force which has an injurious 
effect on the violence of the pitching, increases, while that 
which diminishes its violence decreases. As the direction 
of the motion of the waves is opposed to that of the vessel, 
the momentum with which the bow of the ship will meet 



the sea at the expiration of the motion, is equal to the sum Theory, 
of the momenta of the bow and the sea ; and this impulse — 'v-*^ 
is often so great in practice, as to be sufficient completely 
to check, for several seconds, the motion of the vessel in 
her course. Frequent recurrences of these shocks must, Evils re- 
therefore, not only be extremely injurious to the strength suiting 
of the fabric of the ship, but must materially affect her pro-^^jj^jj^ 
gress through the water, an d may even, in some situations, in- 
volve her safety, from the increased liability of shipping seas, 
especially in deep-waisted vessels ; and aJso, unless a ship 
can contend with advantage against a head sea, her chance 
of escaping the danger of a lee shore must be considerably 
diminished as in such a situation her safety would in a great 
measure depend on the possession of that property.^ 

From these considerations, it is evident tliat every alter- -^"g"^"" 
ation which can be made to diminish the extreme violence ^^1*^"" 
of this motion, when it takes place under the circumstances 
which have been described, either by lessening the mo- 
ment of inertia of the fore-part of the ship, or by giving 
that part the form which will the most conduce to render 
its impact with the water more gradual, must be advanta- 
geous with respect to the velocity, to the preservation of 
die strength of the ship, and even to the increasing the 
safety of the crew. But since tlie bow of a ship is subject- 
ed to shocks of such a violent nature, it must necessarily 
consist of a vast combination of materials to insure an ade- 
quate degree of strength to resist them : great care, how- 
ever, should be taken that there be not more weight than 
this renders absolutely necessary. These considerations A limit to 
point out at once one limit to the position of the masts ; for '^he P"«»- 
it is evidently desirable that the weight of the ibre-mast and ^"Jl^®, 
the pressure of the head-sails should act with as little inju- 
rious effect in increasing the violence of the pitching, as 
is consistent with tlie necessity for head-sail ; this will be 
better understood as we proceed with our investigation of 
the various forces which act on a ship when in motion. 

Wlien the ship is under sail, there are two forces acting Resultants 
on it ; the one, the force of the wind on the sails, to propel of forces, 
the ship ; and the other, the resistance the water opposes to 
her motion. These forces, inmiediately the ship has acquired 
the velocity due to the strength of the wind, are equal, and, 
as is the case with all forces, may each be reasoned on as if ' 

acting on only one point of die surfiice over which its effect Centres of 
is diffused. This point is that in which, if the whole force ^ff<>i'^* 
were to be concentrated, its effect would be the same as 
when dispersed over the whole area : it is usual to call these, 
*' resultants of forces," and the points on which they are 
supposed to act, " centres of effort." 

From what has been before said, the resuhant of the force Action of 
of the wind on die sails, and the resultant of the force of^pdon the 
the water on the hull, are equal ; the one acting on the ^^^ *"*^ 
weather side of the ship, in the direction into which thej|^^*y"|^ 
force of the wind resolves itself, and the other opposed to 
it, acting on the lee side^ in the direction into which the 



' Mr Henwood, a member of the late School of Naval Architecture, has advanced some new views on the subject of the pitchinff and 
'scending motions in ships, which we think of sufficient importance to endeavour to explain. They are as follow, — that these lon^- 
tudinal motions of a ship depend both on the form of the immersed part of the body, and on the positions of the various weights 
which compose the ladinff or equipment ; and the form of a ship, and the positions of the weights, determine the situation of^the 
centre of gravity through which the axis of the pitching and 'scending motions passes. It is the position of this point or axis which, 
Mr Henwood has stated and endeavoured to show, might and ought to be so determined in all ships, that the pitching and *8cending 
motions would be diminished to the lowest possible degree. 

In order to construct a ship on this principle, the fore-part of the ship, viz. that before the centre of gravity, would be formed in 
the usual manner ; but the afler-part would be constructed so as to have precisely the same cubic content as the fore-body, and its 
centre of gravity at the same distance from the centre of gravity of the ship as that of the fore-body. 

In the stowage of a ship thus constructed, the weights must be so disposed that one half of the total weight of the ship and her 
equipment may be on each side of the vertical and transverse plane, through the centre of gravity. 

The object intended to be gained by the fulfilment of the above conditions is, that a ship should perform her longitudinal or pitch- 
ing motions exactly as she does her lateral or rolling motions ; and that as there is the same tendency to roll either side equally 
deep, so there i^hould be a like tendency of the fore and after ends to pitch and *scend. The pitching and Vending motions would, 
Mr Henwood considers, thus be reduced to a minimum, and the velocity of mailing retarded in the least possible degree. 

This proposed desideratum in the construction of ships is irrespective of the form of the midship section, or of the water-lines, &c. 
It lit simply the constructing of one end of a ship upon the basis of the other end, so as to insure the attainment of the object in view^^ 
the least possible degree of pitching and *scendbg. 
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Theory, force of the water resolves itself; and their effect is neces- 
sarily in proportion to their distance from the centre of gra- 
vity. If they are equally distant, they will destroy each 
other, and the ship will remain at rest with respect to the 
line of its course ; if the resultant of the resistance of the 
water passes before the resultant of the wind, the ship will 
turn to the wind ; but if the resultant of the wind passes 
before that of the water, the effect will be the contrary, 
and the ship will fall off from the wind. In either case it 
will be necessary to equalize the forces, by the action of the 
water on the rudder, on its lee side, to bring the resultant of 
the water more afl, and on its weather side to destroy a 
part of the effect of the wind. This is the principle of the 
action of the wind on the sails, and of that of the water on 
the hull, with respect to the course of the ship through the 
water ; and it is on these considerations only that the va- 
rious alterations can be regulated, which it may from time 
to time be necessary to make in Uie trim either of the sails 
or of the ship ; and hence the accurate determination of 
the positions and directions of these two forces is a point 
of great importance in naval architecture. The position of 
the centre of effort of the wind on the sails may be found 
under certain reservations ; and that being known, enough 
is determined to lead to correct conclusions on the other 
circumstances attendant on the subject. 

In order to find the distance of the centre of effort of the 
wind on the sails before the centre of gravity of the ship, the 
wind before njQmgn^Qf ^3^ sail is calculated by multiplying its area by 
^vUy'of *^^ horizontal distance of its centre of gravity from that of the 
ship ; the sum of the negative moments, or those abaft the 
centre of gravity of the ship, is then subtracted from the sum 
of the positive moments, or those before the centre of gravity 
of the ship ; the remainder is then divided by the total area 
of the sails, and the result gives the required distance of the 
centre of effort of the wind on the sails before the centre of 
gravity of the ship. The situation of this point with respect 
mines posi- to the length of Ae vessel must determine in a considerable 
tions of degree the positions of the masts ; for experience has proved, 
that it is among the most essentially requisite good qualities 
of a ship, that she shall carry a weather helm. 

It does not at first appear evident why the rudder should 
have more effect on the ship when it meets the water on 
one side of the middle line, than it has when put to an 
equal angle on the other side ; the reason has, however, 
been partially explained by several writers on naval archi- 
tecture, from the consideration of the direction of the mo- 
^/ff°"'°^ tion of a ship through the water. Among these Don Juan 
has been the most explicit. The reasoning he pursues is as 
follows : That as a great portion of the force of the wind, in 
all oblique courses, tends to drive the ship bodily to lee- 
ward, and as this effect cannot by any means be wholly 
destroyed, the true course of the ship is not in the direction 
of its own middle line, but in that of a line passing from the 
lee bow to the weather quarter, parallel to the ship's wake ; 
and he supposes that the fluid meets the rudder in the di- 
rection of tuis line of lee-way, both on the lee and weather 
side of the ship ; and that therefore, when the helm is a- 
weather, the angle of incidence of the fluid on the rudder 
is equal to the sum of the angle of lee-way, and the an- 
cle made by the direction of the rudder with the middle 
line of the ship ; while, when the hehn is a-lee, the angle of 
incidence is only equal to the difference between these two 
angles, and that therefore, when they are equal to each other, 
this difference vanishes, and all action of the water on the 
rudder ceases ; and this, under Don Juan's suppositions, 
would occur when the rudder was in the direction of the 
line of lee-way. And hence, as the most advantageous ge- 
neral position for the rudder is that in which, by offering 
no obstacle to the passage of the water, it offers no resist- 
ance to the velocity of the ship, and yet may by the least 
variation from this inactive position be brought to act effec- 
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tively, it follows, either that Don Juan's reasoning is in- Theonr. 
correct, or that the most advantageous general position for ^^— "v^*-^ 
the helm should be a-lee. But experience proves, that^^^^^' 
with the helm a-lee, the rudder would not have the effect *^^ ^^^ 
on the ship which has been described ; therefore, although withpra!c- 
Don Juan's reasoning shows the main principle of the greater tice. 
effect of tlie rudder when it is to leeward of the middle line 
of the ship, than when it is inclined at an equal angle to 
windward of the middle line of the ship, it is insufficient to 
account for the fact, that the general position of the helm Error in 
should be a- weather ; indeed his reasoning, on the contrary, ^f preli- 
proves that it should be a-lee ; which error arises from the ™"*"^ "*- 
incorrectness of the assumption which he makes, that the*"™^ **^°' 
fluid meets the rudder on the weather side of the ship, in 
t^e direction of the line of lee* way. Now when a ship is on 
a wind, her course, we have said, is along a line passing from 
the lee bow to the weather quarter, which line is also that of 
the direction in which the ship impinges upon the particles 
of water. Each particle of water, after its impact with the Correction 
lee bow, will be reflected from it in a direction which, accord- ^^ ^^^ 
ing to the law of the collisbn of bodies, will form an angle ^"^^' 
with the bow, and consequently with a tangent to the bow 
at the point of impact, and would therefore, if produced 
to cut tne middle line of the ship, form a greater angle with 
that line than would be formed by this tangent to the bow 
at the point of impact, produced to cut the same line. 

This will be the case with the whole of the particles of 
water which come in contact with the lee bow, and along 
all that part of the lee side of the ship, a tangent to which, 
if produced, would meet the line of the ship's course at any 
finite distance before her bows ; so that as a ship progresses 
along the line of her course, since these motions may all be 
supposed to become constant, her lee side will pass through 
water having an absolute motion with respect to the motion 
of the ship, the direction of which forms an acute angle 
with the middle line of the ship produced aft. 

We will now consider the ^ect of the accumulation of 
the water at the bows of the ship, either to diminish or to 
increase this angle. Since there must be a constant ten* 
dency in the particles of water which compose this accu- 
mulation to recover their level, there must also be a con* 
stant run of particles from the apex of this accumulation to 
its base ; the ultimate direction of the sum of all these mo- 
tions would therefore evidently form an acute angle with 
the middle line of the ship produced forward ; and conse- 
quently, by the composition of forces, the action of the par- 
ticles of water to recover their level would increase the 
angle which the direction of the motion of the water makes 
with the middle line of the ship produced aft. 

By extending the same reasoning to the motion of the 
water on the weather side of the ship, a very little consi- 
deration will show that the principal effect the pa&<age of 
the ship through the water would have on the particles of 
water on that side, would be to cause them to rush aft in a 
direction inclined towards the middle line of the ship, in 
order to fill the vacuum created under the weather quarter 
by the passage of the vessel along the line of lee-way. 

We may therefore assume that the particles of water 
have a motion at the stem of the vessel, the direction of 
which forms an acute angle with the middle line of the 
ship produced aft, which angle will evidently be dependent 
on the fulness or the fineness of the after-part of the body, 
and on the angle which the line of the ship's course, or 
that of the lee-way, makes with the middle line of the ship, 
consequently the inactive .position of the rudder will be 
when it forms this angle with the middle line of the ship, 
that is, when the rudder is to leeward, and consequently the 
helm a-weather. And tliis position idiould be the theoretic 
limit of the degree of weather helm a ship shoidd carry, as 
in any other position there must be a force acting on the 
rudder, which must increase the resistance the ship expe- 
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riences in Iicr passage through the water. A practical 
confirmation of the correctness of this principle, and of 
the fact that this generally advantageous position of the 
rudder is a-lee of the middle line of the ship, may be drawn 
from the common observation, that when a ship is in good 
trim, the helm, being a-weather, has a very perceptible 
tremulous motion, which must arise from the rudder's being 
in a position in which it is not acted upon on either side 
by any constant force. This method of considering the 
direction of the flow of the water to the rudder consider- 
ably diminishes the estimate of the excess of its effect on 
the lee side of the rudder over that on the weather. But 
there are several other considerations which operate in in- 
creasing the effect of the weather-helm. From the direc- 
tion in which the water flows past the ship, there will be a 
much ereater reduction of pressure on the weather side of 
the rudder when the helm is to windward, and therefore a 
greater positive pressure on its lee side to turn the ship, 
than will occur under the opposite circumstances, or when 
the helm is a-lee. Also, the broken and disturbed state of 
the water on the after- part of the weather side of the ship, 
and the consequent various degrees of resistance it opposes, 
must lessen its effect when the helm is a-lee. 

It has been said to be proved by practice, that ships 
which carry lee-helms cannot be weatherly, that is, will fall 
faster to leeward than those which carry weather helms. 
But though the fact is correct, the reason assigned is in 
some degree mistaking the effect for the cause. It has be- 
fore been said that a part of the force of the wind acts in 
driving a ship bodily to leeward ; of course its effect will be 
greater or less in proportion to the lateral resistance oppos- 
ed to it, and the ^p which opposes less lateral and greater 
longitudinal resistance to the water than another, will in 
the same period of time haee fallen farthest to leeward, and 
the line of her course will have made a larger angle with 
her middle line, by which the effect of the water on the 
after-part o£ the lee side is increased, while that on the 
fore-part, both of the lee and weather sides, is diminished, 
and the helm must consequently be kept less a-weather. 
A practical proof of the correctness of this reasoning may 
be drawn from the practice of the merchant-vessels, which 
are generally, from form, more leewardly than men-of-war. 
They have their fore-mast placed much nearer the centre of 
the ship than is usual in sharper and finer formed bodies. 
This has evidently arisen from the operation of the cause 
above mentioned, which has shown that they require the 
resultant of the effort of the wind on the sails to be pro- 
portionately &rther aft to insure their carrying a weather- 
helm. From this reasoning it is evident that, under some 
circumstances, it may be the leewardliness of the ship which 
causes her to carry a lee-helm ; and that when such is the 
case, the defect might be remedied, not only by the usual 
methods of placing the masts farther afl, and altering the 
draught of water, but by increasing the lateral resistance by 
the addition of false keel, or by greater depth in the water. 
There is another disadvantage arising from a ship's car- 
rying a lee-helm, which is, that the action of the water on the 
weather side of the rudder acts in conjunction with the force 
of the wind in forcing the ship bodily to leeward ; while, on 
the contrary, when the helm is a-weather, the action of the 
water on the rudder is in opposition to the force of the wind. 
Having now pointed out wherein the necessity consists, 
that a ship should carry a weather helm under sdl circum- 
stances, and explained the principles by which the position 
of the helm is governed, it next remains to consider in 
what manner tliis position of the fudder may be affected 
when the ship is under sail. This is the more necessary, be- 
cause there are occasions in which ships that generally 
carry good helms will carry them a-lee ; it therefore also 
remains to be examined whether this defect might not 
either be vi^oUy removed, or at least ameliorated. 



The ardency of a ship, which is her tendency to fly to the Theorv. 
wind, depends, as has been explained, on the relative posi-'^'T^'''""*^ 
tions of the resultant of the effort of tfie wind on the sails, and Af«fi°cy. 
the resultant of the resistance of the water on the hull. A 
consideration of the effects produced on these forces, when 
a ship is under way, will lead to the object of our inquiry. 

When a body passes through a fluid, it causes an accu- PMwge of 
mulation of the fluid to take place towards its foremost ex- ^ ^^y ^'^ 
tremity, and a depression of the fluid towards the opposite.^ ^ " 
The degree of this accumulation and depression will depend Its effect 
on the velocity with which the body passes through the°""^*"*^^* 
fluid, and its increase must necessarily have a great effect 
in drawing the position of the resultant of the water farther 
forward ; therefore, from this cause, a ship becomes more 
ardent as her velocity is increased. Also, as the ship on a 
wind inclines by the force which communicates motion to 
her, an increased surface of the bow is immersed ; while, 
from the fulness of its shape both above and below the ori- 
ginal water-line, the angle of incidence with which it meets 
Uie water does not undergo much alteration : consequently 
the tendency of the inclination is to draw the resultant of 
the water forward, in so far as the shape of the bow is in- 
volved. By the inclination, the effect of the water on the 
afler upper portion of the lee- side is so diminished as to be 
almost destroyed, in consequence of the decrease of the 
angle of incidence with which it meets the water, arising 
from the sharpness of the afler-body under the lee quarter, 
which, by the inclination, is made to approximate to a ho- 
rizontal plane: consequently the tendency of the inclina- Effect ofin- 
tion is to draw the resultant of the water forward, in so far crease of in- 
as the shape of this part of the body is involved. That^lination. 
lower portion of the after-body which is nearly vertical 
when the ship is upright, and, until the vessel is on a wind, 
is subjected to little more than the mere friction of the wa- 
ter, immediately that a ship is on a wind offers great late- 
ral resistance^ even after the inclination of the ship ; and it 
is this lateral resistance of the after-body which, being 
brought into action simultaneously with the increased di- 
rect resistance of the fore-body, tends to prevent too great 
an effect from that direct resistance in drawing the result* 
ant of the water forward, and tlierefore acts in aid of the 
helm in preventing the ship from flying up into the wind, 
and thus obviates the necessity of such violent action of 
the rudder as would be injurious to the velocity of the ship. 

The larger the area of this portion of the atter-body, the 
less necessity therefore is there for. extreme and conse- 
quently detrimental action of the rudder under the circum- 
stances of increased wind and inclination. It appears, how- 
ever, that in ships generally, the inclination increases the 
ardency, by drawing the resultant of the water forward. 

This train of reasoning shows us in what the advantage of increas- 
consists which arises from the increased immersion given edimmer- 
to the aiter-extremities of ships; and it enables us to fo"n^**°i^ ^' 
the following general rule, as an approximation to correct- '* ^* 
ness of principle in determining the increased draught of 
water to be given to the after-body. The difference in 
draught of water should increase or diminish in proportion 
as the area which a ship offers to direct resistance is great 
or small in relation to the area offered to lateral resistance ; 
or, in general terms, the difference of draught of water in 
ships, ceteris paribtis^ should vary directly as the ratio which 
the breadth bears to the length. 

The position of the centre of effort of the wind on the Sails as- 
sails is calculated under the supposition that the sails are»um«dt« ^^ 
plane surfaces, and equally disposed with regard to the lon-[^"g** *"'" 
gitudinal axis of the ship ; but when a ship is on a wind, 
as the force of the wind acts in a direction oblique to the 
surface of the saiU, a greater proportion of the sail is carried 
to leeward of this axis, and the whole sail assumes a curved 
surface, the curvature of which increases from the weather 
to the lee side. From these circumstances, the centre of 
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Theory. eiFort is in fact carried gradually farther aft as the action of 
the wind takes place on the sails. Also, as the force of the 
wind inclines the ship, the centre of effort of the wind on 
the sails is carried, by this inclination, over to the lee side, 
by which, as also by the effect produced on the resultant 
of the water, which has been before mentioned, the distance 
or increase between them is farther increased. It therefore appears 
ot wiitd. that, the quantity and disposition of the sail set remaining 
the same, the ardency will increase as the force of the wind 
increases, and diminish as that force diminishes ; but as it 
is found in practice that ships very generally require their 
helms a-lee in light winds, although it is evident that the 
several circumstances which have been mentioned as cre- 
ating the tendency of ardency must still exist in a small 
decree, it would appear that the ardency must increase 
and decrease in a faster ratio than' the force of the wind. 
Now, as the direct and lateral resistances vary respectively 
as the squares of the velocities of the ship in these two di- 
rections, it is evident that the lateral resistance will dimi- 
nish in a quicker ratio than the direct resistance, and that, 
consequently, as the wind decreases, the angle of lee-way, 
or that of the ship's course, will be increased, which, it has 
before been proved, will draw the resultant of the water afl, 
and diminish the ardency ; therefore the increase and di- 
minution of the ardency of a ship will be in proportion to 
the difference of the ratios of increase and decrease of the 
direct and lateral resistances. 
Means of From the causes which have been assigned for a ship's 
diminishing carrying a lee helm in light winds, it is evident the defect 
may be lessened by all those means of trimming either the 
sails or the ship, which have been mentioned as tending to 
increase the distance of the resultant of the water before 
the centre of effort of the wind. 
But when a ship's carrying a lee helm is occasioned, as 
dependent [i sometimes is, by the state of the sea, the waves of which, 
th/!^!^ strike the ship on the weather bow, and in their passage 
cause a great immersion of the lee quarter, any attempt to 
bring the resultant of the water forward would, from the 
consequent greater immersion of the bow, and the neces- 
sary addition to the momentum, increase the effect of the 
impulse. The evil may be lessened by diminishing the 
quantity of head-sail, which will both bring the centre of 
effort of the wind aft, and diminish the violence of the 
pitching ; and also, if the inclination of the ship were increas- 
ed, that, by increasing the effect of the water on the lee 
bow, and diminishing its effect on the lee quarter, might 
in some cases prove advantageous, 
and on the In heavy weather, ships under a small quantity of sail 
position of very generally carry slack helms, partly in consequence of 
the masta. ^^^ position of the centre of effort of that sail, and partly 
owing to the state of the sea. Under these circumstances 
it is generally impossible to carry enough of after-sail to re- 
medy this defect ; and to trim the ship by the head would 
he only to increase it, on account of augmenting the pitch- 
ing. There is tlierefore no other remedy than that which 
would arise from such an original disposition of the masts 
as would render the power of creating a balance between 
the effects of the sails more easy. But here we would ob. 
serve, that before making any alteration in the position of 
the masts, great caution is necessary ; for possibly one of 
the first requisites in a ship is, that she should work quick- 
ly, which quality depends on the proportion of sail before 
and abaft the axis of rotation, and not on the position of 
the centre of effort of the whole surface of the sail. There- 
fore no alterations can be made in the position of the centre 
of effort of all the sails, or in the positions of the masts, un- 
less due consideration be given to the effect they would 
have on these proportions. 

It may now be necessary to observe, that a ship may, on 
some occasions, be too ardent. In addition to the altera- 
tions which will suggest themselves in this case, from what 



has been already said, it may be obBetved, that as die cur- Theory, 
vature of the sails, and the inclination of the ship, both tend *^— v-*-' 
to increase the ardency, it may be d'laiiniahed by taking in 
sail, especially those which, from their greater breadth, as- 
sume a greater degree of curvature. 

It is sometimes objected by practical men, that trimming Erroneous 
a sliip according to the principles laid down by theory, has objections, 
not the effect which was to have been expected ; but this 
often arises from an ignorance of the necessary degree of 
trimming, or from a mistaken notion of the effect which a 
certain degree will produce. In order, in some measure* 
to obviate this difficulty, the following table is given. It 
contains the weight which it will be necessary to move a 
distance of forty feet, either aft or forward, to produce an 
alteration of one foot in the trim of a ship. The length 
and breadth of the ship are given in the table, merely as 
being more correct data for the comparison of size than the 
class of the vessel or the number of guns. 



lee helm. 



Lee helm 



the sea, 



Too great 
ardency. 



Cljua of Veuel and number of 
Ouns. 


Length. Broulth. 


Weight to be 

moved a Distance 

of Forty Feet. 


First rate 120 


Feet. 
206-25 
192-25 
17400 
159-70 
120-20 
111-25 


Feet. 
54-50 
51-44 
43-67 
40-50 
33-67 
30-50 


Tons. 
112 

90 • 

58 

38 

22 

14 


Second do 84 


Fourth do 60 


Fifth do 46 


Sixth do 28 


Sloop 18 



If any other alteration in the trim be desired, it may be 
deduced from the results given in the above table, by a 
simple proportion. And since the effect produced on the 
centre of effort of the sails, by taking in or setting any. 
sail, may be estimated in the manner described in the course 
of these remarks, the alterations necessary to be made in 
order to produce any desired effect may be easily deter- 
mined. Another source of error may arise from the various 
rakes of the masts ; from which the angle of incidence, and 
consequently the force of the wind, which is as some func- 
tion of the sine of the angle of incidence, varies considera- 
bly for the sails of each mast ; and if the trim of the ship 
be altered, there must be a corresponding effect produced 
in this angle ; by which the relative proportions of the force 
of the wind on the several sails will be altered, as will also 
its total effect on all the sails. 

Most of the writers on naval architecture have consider- Bradng oi 
ed the problem of determining the angle which shoidd be^^ yards, 
formed by the yard with the keel, under the different cir- 
cumstances of wind. Don Juan, whose highly scientific 
and thorough practical knowledge entitles his opinions to 
more than common attention, on a subject in which the re- 
searches of theory require to be aided by the deductions 
from experiment, has determined these angles for a ship of 
sixty guns, and has also given some general rules to guide 
any variations from them. When this ship was dose-hauled, 
with all sail set, he foimd that the angle the yard should 
make with the keel should be 28^ 47', and with the wind 
on the quarter, 50^ IV ; but when the wind was so high 
that only a small quantity of canvass could* be set, these 
angles were respectively increased to 40° 42' and 56^ 21'. 
He also arrives at the general conclusion, " that, the greater 
the quantity of sail set, the less should be the angle made 
by the yard with the keel ;" and also, as he makes the re- 
lation between the direct and lateral resistances enter into 
his investigations, " the sharper and the more adapted for 
velocity a vessel is, th^ smaller should be the angle made by 
the yard with the keel f consequently frigates and smaller 
vessels should, under similar circumstances, have then: yards 
braced sharper tlian line-of-battle ships ; and again, <* that 
the nearer the sails approach to plane surfafesi the lea 
should this angle be.*' 
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Theory. According to d^e present positions of the masts of a ship, 
!jr"'"*v"^~^ the sails on the fore- roast are generally not capable of be- 
TOsHion of *"^ ^ sharply braced as those on the main-mast ; but as 
fore-in^t. theory and practice, as may be instanced in fore-and-afl 
rigged vessels, concur in fixing the limits to which it would 
be desirable to brace the yards, within even what can gene- 
rally be attained on the main-mast, much of the force of 
the wind on the sails of the fore-mast must be lost ; and as 
this less sharpness of bracing, common for the yards on the 
fore-mast, is even found to be necessary in many ships, to 
enable tliem to carry their helm sufficiently a- weather, it 
would appear that the position of the fore-mast is too far 
forward, and that moving it aft would be advantageous ; be- 
sides the good effect it would have, as has been shown, in 
diminishing the violence of the pitching motion. 

The position of the fore-mast appears to have remained 
nearly the same as it was determined in the early part of 
the last century, although many of the reasons whicn then 
fixed it at about one ninth the length of the ship from the 
stem have ceased to exist. Our ships are now longer, and 
there is consequently room for working the sails, without 
those of one mast coming in contact wiU), or destroying the 
effect of the wind on, those of the other. The afler-parts 
of the hull above water are very considerably reduced, and 
do not therefore render so great a proportion of head-sail 
necessary to counterbalance the effect of the wind on them. 
The bodies of the ships are, from the increase of the dimen- 
sions, much finer abaft, and consequently the resultant of 
the resistance is farther aft. From these considerations, and 
from the fact that it is found that complainto are made of 



ships carrying lee helms, it appears not improbable that the Theory, 
generality of our ships would be improved by an alteration ''^••Nr**^ 
in the position of their fore-masts. 

The forms of our ships, and indeed those of some of the Modem 
more modern French vessels of which we are possessed, English 
have approximated more to that recommended by Chap-'^P'.^P' 
man, and since his time adopted by the Swedes and ^<u)es,P[^^^^ 
than to that of the old French bodies, which were for such the Swed- 
a scries of years the chief guides of the English ship-builder, ish rather 
The marked characteristics of the old French body were, than to the 
a flat floor, with a sharp and, beneath the water,*hollow^^ ^^'^^^ 
fore-part, and a comparatively very foil afler-part. The ""* 
character of the Swedish construction is, the rising floor, 
full fore-body, and extremely fine after-body. The genera- 
lity of the English ships of tlie present day are built with the 
rising floor, and approximating more, towards the extremi- 
ties, to the Swedish than to the old French characteristics. 
It seems therefore but reasonable that the positions of the Therefore 
masts of our ships should partake of the principle which the roasts 
appears to have dictated the alteration in the form of their "^^^^ddcor- 
bodies; With this view, and for a general example as to ^^eJJJ?^^"' 
positions of ships' masts, and of the ideas of various construc- 
tors, the following table has been formed, of the positions 
of the masts of the vessels contained in Chapman's " large 
work," of some of the present Swedish ships, of the various 
classes of English ships, and of several other vesseb which 
have either some peculiarity in this feature of their construc- 
tion, or are remarkable for an excess of any good or bad quar 
lity dependent on it The other data in the table are neces- 
sary for completing the comparisons which may be made. 



Ships* Names. 



Swedish ships, from Chapman's large 
work 



Cart XIII., Swedish 

Corvette, Swedish 

The Chapman, Swedish 

President, French , 

Do. altered to the Piedmontaiae , 

Comet, bomb. 

Do. as altered 

Pearl, Mr Sainty 

Do. altered by his request 

Caledonia 

Asia 

Southampton 

Seringapatam , 

Leda 

Euryalus , 

Sapphire 

Orestes. , 

Queen , 

Vanguard , 

Vernon , 

Pique , 

Vestal 

Rover , 

Inconstant 

465 tons 1 r. 

Slir;::::::::[M-^»-^'i-]:: 

400 tons j (.. 



Table of die Stations of Masts in Ships. 



No. of 

Guns. 



110 
94 
80 
74 
66 
52 
40 
32 
20 
80 
20 

46 
46 



18 
18 

120 
84 
60 
46 
46 
42 
28 
18 

110 
80 
52 
96 
26 
18 
36 



Length 
tbelo 



{tbon 
the Loud 
Water.llne. 



Feet. 
205-2 
1901 
1821 
1779 
1740 
1641 
149*6 
125-3 
1136 
177-9 
108-5 
1498 
1595 
159-5 
1090 
109-0 
114-7 
114-7 
205-25 
192 25 
1740 
169-7 
151-0 
146-0 
120-2 
111-25 
202-2 
188-2 
176-7 
160-6 
131-0 
109-8 
160-0 
115-0 
116 6 
114-8 
108-5 



DUtoncet of the Masts abaft the 

foremost extremity of the 

Load Water-line. 



Fore-mast. Main-nast. Misen-mast. 



Feet. 

288 

27-0 

25-7 

24*8 

24*3 

22-9 

23-3 

19-5 

17-5 

24-3 

15-6 

28-0 

24 

21-0 

13-4 

17-4 

18-7 

18-7 

25-0 

22-3 

20-7 

21-2 

18-8 

17-7 

14-7 

14-5 

24-33 

25-7 

27-6 

23-5 

20 3 

15] 

20*0 

16-6 

16-8 

16-2 

16-9 



Feet. 

1185 

112-2 

106-5 

102-7 

100-0 

93-2 

86-5 

72-5 

65-5 

102-0 

61-7 

89-5 

87-6 

87-5 

617 

617 

64-0 

66-5 

113-0 

1090 

972 

85-6 

86-3 

822 

68-7 

647 

118-0 

1109 

104-5 

94-4 

77-3 

64-8 

90-33 

65-0 

66-0 

671 

66-2 



Feet. 

174-0 

1641 

154-2 

1600 

146-8 

138-4 

125-2 

104-4 

94-6 

148-6 

90-8 

124-2 

132-2 

132-2 

90-5 

90-5 

97-4 

99-4 

1717 

1602 

146-7 

132-3 

128-7 

123-8 

1024 

97-4 

176-84 

164-3 

154-7 

139-5 

114-6 

96-2 

1380 

99-2 

98-0 

90-4 

92*7 



Batio of the Discanoe of the Marts 

ftorn fiDTwaid, to the length of 

the LoMi Water-line. 



Fare-nait. llfblivmast. Miaen-nast. 



•1398 

•1402 

•1402 

•1398 

-1400 

•1390 

•1570' 

•15601 

•1540< 

•1380 

•1440 

•187' 

•150 

•132 

•123 

•162 

•163 

•163 

•122 

•116 

•119 

•133 

•124 

-124 

•122 

-129 

-121 

•137 

•156 

-146 

•165 

•138 

•125 

•145 

•144 

•142 

•166 



•579 
•580 
•678 
•576 
•578 
•569 
•580 
^78 
-578 
•578 
•570 
•698 
•550 
•660 
•565 
•565 
•557 
•577 
•662 
•568 
•560 
•535 
•566 
•563 
•568 
•573 
•585 
•584 
•590 
•587 
•690 
•590 
•564 
•565 
•670 
•584 
•610 



-848 
•667 
•845 
•848 
•844 
•845 
•840 
•831 
•837 
•858 
•835 
•835 
•831 
•831 
•831 
•831 
•850 
•863 
•835 
•832 
•845 
•832 
•854 
•848 
•850 
•864 
•870 
•823 
•874 
•867 
•874 
•874 
'860 
•861 
•840 
•840 
•850 



Batio of Dlf- 
ftrenceof 
Draught of 
Water to the 
Mean Draught 
of Water, ^ 



•094 
•085 
•089 
•083 
•082 
•103 
•100 
•093 
•142 
•108 
•120 
•000» 



•000* 



•057 
•053 
•048 
•076 
•089 
•104 
•066 
•060 
•085 



1 AainaMselBtlwcakiioftiwsteiiis. 



t The fore-mast raked firar indMS in ten fett. 
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From this table it will be seen that the position of the 
. fore-mast in the ships of different rates in her majesty's ser- 
Pontion of yjj,g jg considerably more forward than in the Swedish ships; 
and that in Chapman's experimental frigate, the Chap- 
man, it is remarkably far afl. The Comet, as altered, afler 
being sold out of the service, the Pearl, built by Mr Sain- 
ty, and the four merchantmen, are proofs of the practice, 
before alluded to, of the merchant builders ; the alteration 
in the position of the masts of the Comet having taken 
place under the direction of the late Mr Feamall, a gentle- 
man of high character for a knowledge of his profession. 

The stations of the masts in the ships built after the de« 
signs of the present surveyor of the navy, Sir William Sy- 
monds, approximate very nearly to those of the Swedish 
ships ; the main and mizen masts are even rather farther afl 
in proportion to the length of the ship. 
Correct The positions of the masts are given, in the table, in re- 

point from lation to the foreside of the rabbet of the stem ; but though 
nvhich to _ ^jjjg point has been adopted in compliance with the usually 
?2tton8 of received custom, and to avoid the introduction of a feature 
the masts, which might have rendered comparisons more difficult, a 
more correct method would be to estimate the station of 
the masts from a point K (fig. 5), at a distance AK from 
the foremost extremi- 
ty of the load water- Fig. 5. 
line; such that, KP 
being' drawn perpen- 
dicular to the load wa- 
ter-line, it shall inter- 
sect AD, the foremost 
boundary of the lon- 
gitudinal vertical sec- 
tion of the vessel, in 
such a manner that the 
resistance to angular 
motion round an axis of rotation BC, passing through the 
centre of gravity of the vessel, shall be equal to the tri- 
angles AKF and DFP, DP being the lower boundary of 
the false keel produced. 

The point K being determined for nil ships, comparisons 
might be correctly made of the positions of the masts in 
vessels with the most dissimilar rakes of the stem ; which 
feature, from its effect on the resultant of the resistance, 
must have a considerable influence on the positions of the 
masts, and which cannot be estimated in distances measur- 
ed from any other point. 

The following proof will show, that if BK be taken equal 
to the arithmetical mean between BA and CD, the point 
K will be determined sufficiently correctly for all practical 
purposes. 

From D (fig 5) draw DV perpendicular to AB. Bi- 
sect KF and FP in G and M, and draw AG and DM. 
Take AH = f AG, and DN = §DM ; then H and N will 
be the respective centres of gravity of the triangles AKF 
and DPF. From H and N draw HL and NO perpendi- 
cular to B A and C P. Let AB = a,CD = 6, AV = fl — 6 
= tf, AK = X, AL = far, and VD = L Then the resist- 
ance to rotation of the triangle AKF is proportional to the 

area AKF X BL = ^^^— • BL. 




2 



hx 



Now, AK : KF : : AV : VD .-. KF : 

c 

the resistance = — • f a — j. 

And in the same manner, die resistance of DFP is 
= area DFP • CO =z 2£4^ • CO, 



PF2DP::DV;AV 




Hence the resistance = - 



2c 



(*+|— 4 



and these ^ 



Tbeorv. 



resistances must be equal to each other, 

... araU — -^j zz c--x\^fb + gC^arj 

and a: = a — V©* — (^ + -3-); 

from which expression, if numbers be substituted for the 
several quantities, it would be seen that, assuming BK equal 
to the arithmetic mean between AB and CD, will be suf- 
ficiently correct. 

The method of finding the horizontal distance of the Recapitula- 
centre of effort of the sails, either before or abaf\ the centre'^"* 
of gravity of the ship, has now been explained as being a 
necessary element to be determined in forming the design 
of a vessel. The effect which the action of the water on 
the hull, and of the wind on the sails, would have, under 
various circumstances, on the relative positions of this point 
with respect to the centre of gravity of tlie ship, has been 
described, and also the necessity of regulating the trim of 
the ship and sails according to the state of the sea and wind, 
that the most advantageous proportionate distance may be 
preserved between them. 

We shall now investigate th^ principles on which the de- Height of 
termination of the vertical height of the centre of effort of «ff<»rt of 
the sails above the centre of gravity of the ship depends. '"^** 
This problem, though it is one which may be classed among 
those of which the '* solution resolves itself to laws of na- 
ture which are yet imperfectly developed," may be solved 
by induction from experiment ; and we shall show that suf- 
ficient data may by this means be obtained, to render the 
abstract principles of science, on which it depends, practi- 
cally available, so as to overcome the difficulties which at 
present oppose themselves to the perfecting one of the most 
important elements of naval architecture, the sizes and pro- 
portions of the masts and yards. 

In describing the circumstances attendant on the incli- Moment to 
nation of a ship from the upright position, we have said thatre«st indi- 
the moment of the force exerted by the vertical pressure to" 
resist the inclination will be measured by the perpendicular 
distance from the centre of gravity to the direction of the 
resultant of the vertical upward pressure of the water after 
the inclination, which necessarily passes through the centre 
of gravity of the displacement. We have hitherto called Hydrosut^ 
this the moment of stability, but it may be more properly <»1 stabili- 
teimed the moment of hydrostatical stability, as being de- ^^' 
pendent on the laws of the equilibrium of fluids. But if the 
force which has been described as inclining the ship round 
its centre of gravity also communicates motion to the sys- 
tem, another moment of stability will be generated by the 
resistance which the water opposes to the motion. This 
resistance, as has been before explained, may be supposed 
to act in a resultant, the direction of which will necessarily 
depend on the form of the vessel. Now, if the form be 
such that the direction of this resultant will pass above the 
centre of gravity of the ship, its moment, estimated from 
that centre of gravity, will act in conjunction with the mo- 
ment of hydrostatical stability before described, and will 
diminish the inclination ; a contrary effect will ensue if this 
resultant passes below the centre of gravity. Now, if the 
moment of this force to diminish the inclination were equal 
to the moment of the force which acts to produce it, the 
ship would remain in a vertical position ; but if it be not 
equal to it, the inclination will be caused by the action of . 
the excess of the moment of the inclining force over the 
moment of the force acting to diminish the inclination, and 
tlie ship will revolve until this part of the inclining force shall 
be destroyed by the moment of hydrostatical stability which 
will be generated by the inclination. The moment of sta- 
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Uniform 
motion of 
the Teasel. 



Limit to 
height of 
centre of 
effort 



Theory, bility resulting from tliis cause may be called the moment 
" of hydrodynamiral stability, as being dependent on the mo- 
tion of the body in the fluid, that is, on die relative motion 
Hydrody- of the fluid. This does not agree with the usual definition 
namicalsu- of hydrodynamical stability adopted by writers on naval ar- 
'^' chitecture, as that also involves the elements of the hydro- 
statical stability in its terms ; but it is thought that keeping 
each moment of stability distinct, by referring it wholly to 
its own generators, tends to simplify the consideration of 
them ; and also, the explanation of the principles on which 
the height of the centre of effort of the sails depends may 
by the same means be divested of some obscurity. 
Eqnilibri- Now, when, by the action of the wind on the sails, motion 
um uf windjg communicated to a vessel from a state of rest, at first the 
^"J^^^ effort of the wind on the sails is much greater than that of 
hull ^® water on the hull, and by the effect of the excess the 

velocity of the vessel is accelerated : but the velocity with 
which the wind acts on the sails is diminished in proportion 
as the velocity of the vessel is increased, therefore also the 
force with which it acts on them is gradually lessened : but 
as the velocity of the vessel increases, the resistance the 
water opposes to its motion is also increased ; consequently 
the two forces, the effort of the wind on the sails, and the 
resistance of the water on the hull, will ultimately become 
equal to each other ; and as they act in opposite directions, 
the vessel will, by the laws of motion, continue to move uni- 
formly in the direction of its course with the last acquired 
velocity; and Uiis velocity will be in proportion to the mov- 
ing force, that is, to the force of the wind and the area of sail 
exposed to its action, or, if the force of the wind be sup- 
posed constant, will be in proportion to the area of the sail. 
From what has been before said, it is evident tliat the 
moment of sail must be in proportion to the stability of the 
ship ; and since the velocity will be in proportion to the 
area of sail exposed to the action of the wind, the height of 
the centre of effort of the sail should be determined from 
the consideration of acquiring the greatest effective area of 
sail of which the powers of the ship will admit. 

Bouguer, from reasoning on the facts which have been 
explained, which are, that when a ship has acquired an uni- 
form velocity in any direction, the action of the wind on the 
sails to propel her in that direction becomes equal to the re- 
sistance opposed to her motion by the water, and that the 
moment of the resistance, c^ilculated from the centre of gra- 
vity or of rotation, that is, the moment of hydrodynamical 
8tsU)ility, subtracted from the moment of the action of the 
wind on the sails, estimated firom the same point, will give 
the force by which the ship is inclined, conceived the idea 
that the sails of a vessel might be so disposed that she 
should maintain the same vertical position when under sail 
Point ve- as when at anchor. This he proposed to effect by adjust- 
^*V^ ing the sail in such a manner that its centre of effort should 

be situated in a point, which he has named the " point ve- 
Uque/* and which he describes as being such, that when the 
centre of effort of the sails coincides with this point, the 
moment of the force of the wind to incline the ship will be 
wholly destroyed by the moment of hydrodynamical stabi- 
Not pTMti- Wxy, But such an arrangement of the sail is not practically 
*^ble*m **' *PP^^^^'® ^ ^^® c*s®8 *" which the direction of the action 
oblique ®^ *^® force of the wind is oblique to that of the course of 
courses. the vessel ; for, from the small proportion which the breadth 
of a vessel bears to her length, the moment of hydrodyna- 
mical stability will, under these circumstances, be less than 
when the directions of the wind and of the ship's course co- 
incide, while the resultant of the effort of the wind will act 
at the same height above the centre of gravity of the ship in 
either case ; therefore Bouguer only insists, that since the 
moment of the hydrodynamical stability cannot, consistently 
with other circumstances, be made to destroy the whole of 
the effort of the wind to incline the ship, care should be 
taken that these two forces should be so proportioned to 



each other, that a sufficient moment of hydrostatical stabi- Theory, 
lity may be acquired to resist the excess of the moment of ^•■■"v-^^^r 
the wind on the sails over the moment of hydrodynamical 
stability, without too great an inclination of the ship. 

But when the direction of the wind coincides with thatOf import- 
of the course of the vessel, it is of great importance that the ■«*<* *** ^i- 
cbange from a state of rest to one of motion, or rather from'*^®^*"'*®'' 
one velocity to another, should be performed without any 
longitudinal inclination towards either extremity, and that 
the vessel should preserve that seat in the water which has 
been determined as most advantageous with reference to 
the longitudinal position of the centre of effort of the sails. 

The course of reasoning which Bouguer has pursued to Bouguer 
determine the position of this point involves suppositions J®"*"** *^ 
which are at variance with the facts attendant on a vessel's ^^jj^J^^^^ 
motion through the water, and therefore the conclusion Taluable. 
at which he arrives is erroneous ; still, as an elucidation of 
the principle, his method may be advantageously explained. 

He supposes DH (fig. 6) to'be the direction of the re- loTestiga- 

tion of po- 
p. g rition of 

* *o ^* point rt- 

Kque, 




Bultant of the direct and vertical resistances experienced by 
the fore-part of the vessel A£FB, moving in the direction 
AB ; and the line SK to be the direction of the resultant 
of the whole force of the wind acting on the sails. Liet it 
meet DH in N. Now since, when the ship has acquired an 
uniform velocity, the forces which oppose the motion are 
equal to those which produce it, and as these forces act 
horizontally and destroy each other, the forces which re- 
main must be vertical. Take NR and NP to represent in 
quantity and direction the force of the water on the bows, 
and of the wind on the sails ; then complete the parallelo- 
gram NRTP, and join NT ; NT will represent, in quantity 
and direction,, the force remaining after Uiose parts of the 
forces NR and NP, which are equal and opposite, are de- 
stroyed ; and therefore NT will act in a vertical direction 
to lift the ship. But though this will be the direction of 
the action of NT on the vessel, its effects may also be to 
produce a rotatory motion round her centre of gravity. 
This will depend on the position of the point N, the inter- 
section of SK and DH. If we suppose the direction DH 
to be constant in position, and SK to vary in position ac- 
cording to the height of the sails, we shall see, that when 
the masts and sails are high, the direction SK will cut the 
direction DH at a point near the stern ; and therefore the 
action of the force NT taking place so near one extremity 
of the vessel, and one side of the centre of gravity, will 
tend to immerse the opposite extremity. On the contrary, 
if the masts and sails are low, the direction SK will inter- 
sect the direction DH more near to the bows of the ship, 
and the action of NT being before the centre of gravity* 
will raise the fore and immerse the after part ; and this in- 
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Theoiy. clination will continue until the force which causes it is de- 
***'*V"*^ Btroyed by the moment of the hydrostatical stability gene- 
rated by the inclination. ' From this, Bouguer concludes 
that it is only when the masting is of such a height that the 
direction SK intersects DH at a point at some mean dis- 
tance between the bows and stem, and at which neither 
of these effects will be produced, that the ship will have no 
tendency to longitudinal oscillation, and the only effect of 
the force NT will be to lessen the part of the ship which is 
immersed in the water when she is at rest ; and this point 
he has called the point velique, Bouguer determines 
the position of this point velique in the following man- 
ner. From r, the centre of gravity of the load water-sec- 
tion, as being nearly coincident with the centre of gravity 
of the lamina, AB^, of the vessel which is lifted by the 
action of the force NT, the vertical line VT is drawn, and 
tlie point N in which it intersects the direction of the re- 
sultant of the resistance of the water to the bows will be 
the point through which the horizontal line SK, represent- 
ing the direction of the action of the wind on the sails, should 
pass, in order that the ship may move in the direction of 
Its course without a depression of either extremity. In order 
to prove that this will be the case, he supposes the displace- 
ment ABFE of the ship to be made up of the two homo- 
geneous parts ABba and ab¥E ; and therefore, when the 
ship is only subjected to the vertical pressure upwards of 
the fluid, these parts will have their common centre of gra- 
vity, which will be the centre of gravity of Uie displace- 
ment, in the same vertical plane with Uie centre of gra- 
vity of the ship. The horizontal distances of r and ir, 
the centres of gravity of the homogeneous parts ABba 
and obFEy from the vertical section in which the centres 
of gravity of the ship and of the displacement are, will 
be inversely as those parts ; but when, by the action of 
the force NT at r, the displacement is diminished by the 
quantity AB^, the vertical pressure upwards will be dimi- 
nished by that same quantity, and will act at fr, the centre 
of gravity of the new displacement a5F£, with a force equal 
to the weight of obFE ; therefore, the forces being in- 
versely proportionate to the distances of their action from 
the common centre of gravity of the ship, and both acting 
upwards in a vertical direction, will maintain the ship in 
The error equilibrio round that centre of gravity. This reasoning of 
•f Bouguer. Bouguer on the position of the point N is incorrect in its 
application to practice. It depends on the supposition, that 
when by the force of the wind motion is communicated to 
the vessel, she will rise in the water from the effect of the 
action of the force NT, and the water-line AB will become 
abt the displacement being diminished by the quantity 
A Baft. It is not enough to satisfy the conditions of Bou- 
guer's reasoning, that NT should exert an effort at r equal 
to diminishing the displacement by the quantity AB^ ; for 
unless the diminution of the displacement actually takes 
place, the position of its centre of gravity cannot be affect- 
ed in the manner assumed in the reasoning, but will con- 
tinue in the vertical section passing through the centre 
of gravity of the ship ; and then, by the action of the force 
NT at r, the ship will revolve round the centre of gravity 
ffy until, by the motion of the centre of gravity of the dis- 
placement, incidental to the revolution, a moment of hydro- 
statical stability is generated equal to the moment of NT 
to incline the ship. Now it is proved from experiment 
that the displacement is actually greater when a ship is in 
motion than when she is at rest; therefore, reasoning on 
the supposition of its diminution is inapplicable to practice. 
There would be an alteration in the position of the centre 
of gravity of the displacement resulting from this increase, 
which might either act in opposition to, or with the effect 
of NT, to incline the ship, according to the relative form of 
the body above the original water-line. 
But it is evident that the principal error made by Bou- 



guer throughout the investigation of the position of his Theory. 
point velique is, that it is conducted with reference only ^"^-^^^^-^ 
to the resultant of the positive resistances which the vessel ^ n^Rle<-t» 
experiences, instead of to the resultant of both positive and ^^^^^ 
negative resistances. Chapman, while he adopts Bouguer's Cbapnum 
views on the existence of some limit to the situation of the has avoided 
centre of effort of the saib above the centre of gravity of*l*e ««Tor of 
the ship, has avoided this error, and has investigated its po- ^^^^"^' 
sition from the data of the total resistance experienced by 
the ship. He first determines the quantity and direction 
of the mean resultant of both the positive and negative re- 
sistances of the water ; then, since the force of the wind 
must be equal to the resistance of the water opposed to it^ 
if the directions of the resultants of these two forces were 
exactly opposed to each other, their moments, estimated 
from the centre of gravity of the ship, would be equal, and 
consequently the force of the wind would have no effect in 
making the ship revolve round its centre of gravity ; there- 
fore, if the surface of the sail was perpendicular to the re- 
sultant of the direct and vertical resistances experienced 
by the ship, there would be no limit, arising from tnese con- 
siderations, to the height at which the centre of ef&)rt of 
the sails might be placed ; for, whatever might be its posi- 
tion in the line of direction of the resultant of the resist- 
ances of the water, the moments, estimated from the centre 
of gravity of the ship, would be constantly equal, since the 
perpendicular distance between that point and the direc- 
tions of the actions of the forces would remain constant, 
however the force of the wind, and consequently the re- 
sistance of the water, might be increased or diminished. 
But since the directions of the wind and of the course of the 
vessel arc both horizontal, and the sails are placed nearly 
at right angles to the horizon, the action of the force of the 
wind, and its moment round the centre of gravity of the 
ship, to counteract the moment of the resistance of the wa- 
ter, must be estimated in a horizontal direction ; and con- 
sequently the height of the centre of effort of the wind on 
the sails must be measured on a vertical line drawn from 
the centre of gravity of the ship, and must be such that the 
horizontal moment of the wind shall be equal to its mo- 
ment, estimated under the supposition that its action is in 
a direction opposed to that of the resultant of the resist- 
ances of the water, when it will have no tendency to de- 
press either extremity of the vessel. 

Chapman's investigation is as follows : Suppose DF and Chapman's 
EC (fig. 7) to represent respectively, both in quantity and|n^<^^KA- 

Fig. 7. 




direction, the resultants of the direct and vertical resist- 
ances against the fore and afler parts of the vessel. Flnoduce 
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DP and C£ to interaect each other in B ; then on DB pro* 
duoed Uke BV = DP, and on BC take BI =: EC ; com- 
plete the parallelogram VBIH, and BH will represent, in 
qtuuitity and direction, the resultant of the whole of the 
direct and vertical resistances against the fore and after 
parts of the ship ; and BH, multiplied into GM, GM being 
drawn from the centre of gravity G of the ship, perpendi- 
cular to BH produced, will represent its moment to make 
the ship revolve round its centre of gravity. The centre 
of effort of the sails must therefore be at such a height that 
the moment of the wind, estimated from the centre of gnu 
vity ol* the ship, may be equal to this moment. If HM re- 
present the line o£ direction of the effort of the wind on the 
sails, the force of the wind acting in that direction will be 
represented in quantity by HB ; but as the action of the 
wind is horizontal, and is equal to the horizontal effort of 
the water, if BH be resolved into BN and NH, then' BN 
represents, in quantity and direction, the horizontal resist- 
ance of the water, and NB in the same manner represents 
the horizontal effort of the wind ; and if GO be drawn firom 
G perpendicular to the horizon, meeting HB in O, we have, 
from similar triangles, HBN and OGM, NB x GO = HB 
X GM ; that is, O, the point in which a vertical line pass- 
ing through the centre of gravity of the ship intersects the 
direction of the resultant of the resistances of the water 
against the fore and after parts of the ship, is the correct 
height at which the centre of effort of the sails should be 
placed, that the ship's horizontal water-line, when she has 
acquired an uniform velocity, may not be affected by any 
change in the force of the wind. 

This point O does not fiilfil the conditions of Bouguer's 
poini velique^ as it only determines the position of the centre 
of effort of the sail as to height above the centre of gravity 
of the ship ; for the moment of sail acting in a horizontal 
direction, estimated above that centre of gravity, will be the 
same at whatever point in a horizontal line passing through 
O the centre of effort may be placed ; therefore this point 
O may be more properly called the height of sail. The 
position of the centre of effort of the sails in a horizontal 
line at this height of sail, will depend on the considerations 
which have been explained in a former part of this article. 
It may therefore differ very considerably from that deter- 
mined by*Bouguer, not only in its vertiod, but in its hori- 
zontal position. 

Prom this investigation of Chapman's, it evidently ap- 
pears, that unless BH coincides with NB, that is, unless 
the resultant of the resistances of the water is horizontal, 
there will be a force NH or HN acting in a vertical di- 
rection, either upwards or downwards, at the centre of gra- 
vity of the ship, according as the positive or negative ver- 
tical resistances are the greater ; for this force, acting in a 
vertical direction, cannot be derived from the direct resist- 
ances, which act horizontally ; and since the whole force of 
the wind acts in a horizontd direction, and is destroyed by 
the horizontal effort of the water, no part of its force can 
be employed in a vertical direction affecting the action of 
HN or NH. This force will therefore act to increase or di- 
minish the displacement of the ship when in motion, ac- 
cording as the negative or positive vertical resistances are 
the greater, that is, the quantity by which the displacement 
would be increased by the diminution of the vertical pres- 
sure upwards, incidental to the motion of the vessel, will be 
diminished by the action of the force NH ; but unless NH 
is greater than the diminution of the vertical pressure upwards, 
it will have no effect on the position of the centre of gravity 
of the displacement, and therefore none on the longitudinal 
inclination of the ship. The force HN, acting in conjunc- 
tion with the diminution of the vertical pressure upwards, 
will affect the position of the centre of gravity of the dis- 
placement in the same manner as that affects it, that is, de- 
pendent on the relative form of the body above the water. 



Therefore in this case the ship may have a slight tendency Theory* 
to longitudinal oscillation, even though the centre of effort ^""^"^f*^ 
of the sails be placed at the height of sail, as determined ^|!^||^ 
by Chapman; but this will not affect the correctness of J^.^^jj^^"' 
Chapman's principle, and a ship may be easily constructed osdUation 
with such a form at the parts about the sur&ce of the wa-msy ensue, 
ter, that this inconvenience will not occur. 

Now, if we suppose BV and BI to be given in position, 
the force NH or HN will depend, in quantity and direc- 
tion, on the proportion between BV and BI, that is, on the 
proportion of DP to EC. Now when BH coincides with 
NB, or when the direction BH of the resultant of the 
water is horizontal, the force NH or HN vanishes ; there- 
fore, if we suppose HB to coincide with BN, then HB is 
parallel to CD ; and the angle VBH will be equal to the 
angle BDC, and the angle BCD will equal the angle HBC 
= VHB. NowVH:VB::sin.VBH:sin. VHB::sin.BDC: 
sin. BCD ; and since VH = BI = EC, and B V =r DP, there- 
fore EC : DP: : sin. BDC: sin. BCD ; consequentiy we have, General 
that the positive and negative vertical resistances are equal ^^^'^i"* 
to one another, and the direction of the resultant of the re- 
sistances of the water will be horizontal, when the result- 
ant of the direct and vertical resistances of the water on 
the bows of the vessel is to the resultant of the direct and 
vertical resistances on the stern, inversely as the sines of 
the angles which the respective directions of these resul- 
tants make with a horizontal line. 

The extremities of a vessel of the usual form may, for 
the purpose of determining the proportion between the di- 
rect and vertical resistances which they experience, be con- 
sidered as planes moving obliquely in a fluid, and conse- 
quentiy the proportions between the direct and vertical re- 
sistances will depend on the angles of inclination which the 
surfaces of these extremities nniake with the direction of the 
vessel's motion, that is, with a horizontal line ; and the sum 
of the direct resistances on either extremity will be to the 
sum of the vertical as the cosine to the sine of the angle of 
inclination ; consequentiy, as long as the inclinations of the Proportion 
bow and stem to a horizontal line remain imchanged, thisli^tween 
proportion between the direct and vertical resistances ex- direct Hud 
perienced by those parts respectively, that is, the propor-g^'JJ^^gJ^" 
tion of DK to KP. and of LC to EL, will be invariable; invariable. 
and therefore, as far as these considerations are involved, 
the directions of the resultants DP and EC will remain 
constant, whatever alteration may take place in their re- 
lative proportion to each other, arising from any increase 
or diminution in the velocity of the vessel. 

Since, when the direction of the resultant of the water 
is horizontal, EC: DP:: sin. BDC: sin. BCD, then EC* 
sin. BCD = DP * sin. BDC ; now let us suppose the 
proportion of DP to EC to be altered, so that EC * sin. 
BCD will be greater than DP* sin. BDC, that is, let us 
suppose the comparative proportion of DP to EC to be in- 
creased. 

Produce DV to P, and make BP to BI in the increased 
proportion of DP to EC, complete the parallelogram BPQI, 
and draw the diagonal BQ ; BQ will represent the direction 
of the resultant of the resistance of the water, after the al- 
teration of the proportion between DP and EC. 

Produce QB to S, then the angle PBQ = the angle 
DBS, and since BP is parallel to IQ, the angle PBQ is 
equal to the angle IQB, and the angle IHB b greater 
than the angle IQB ; consequentiy the angle DBM, which 
is equal to the angle IHB, is greater than the angle IQB, 
that is, the angle DBM is greater than the angle DBS, and 
S, the point in which the direction QB cuts the vertical 
line GO, will be within or below the point O ; therefore 
GS will be less than GO. If EC, that is, BI, had been in- 
creased in proportion to DP or B V, the point S would, in 
the same manner, have been found to be above the point 
O ; consequentiy, from this we may deduce the following 
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general proposition, that as the proportion which the re- 
sultant of the direct and vertical resistances on the bows of 
a vessel, bears to the resultant of those resistances on the 
stern, is greater than the proportion which the sine of the 
angle made by the resultant of the afler-resistances with a 
horizontal line, bears to the sine of^the angle made by the 
resultant of the fore-resistances with a horizontal line, the 
height of sail will be diminished, and as this proportion is 
diminished, the height of sail will be increased. Now when 
DF is infinite in comparison with EC, that is, when the 
negative resistances vanish, BQwill coincide with BP, and 
the height of sail will be at W, the point in which the ver* 
tical line drawn from the centre of gravity of the ship in- 
tersects the direction of the resultant of the positive re- 
sistances. But if DF vanishes in comparison with EC, BQ 
will coincide with BI, and the height of sail will be at R, 
the point in which the vertical line drawn from the centre 
of gravity intersects the line BC ; consequently the points 
R and W will be the limits between which the position of 
tlie height of sail must be situated. The directions of the 
resultants of the resistances on the bow and stern being 
known, the position of this point within these limits will 
depend upon the velocity of the ship, in as far as that ve- 
locity affects the ratio which these resultants bear to each 
other. And since the negative resistance depends on the 
degree of vacuum which the vessel creates by the velocity 
of its passage through the water, it will evidently be very 
inconsiderable as long as the velocity continues small. In 
fact, this is found to be the case experimentally, as is also 
that, after certain limits, this negative resistance increases 
in a greater ratio than the velocity. We may therefore 
draw the general conclusion, that the less the velocity of 
the ship is, the nearer will the height of sail approximate 
to that of its lowest limit ; and, on the contrary, the greater 
the velocity of the ship, the nearer will this point approach 
its highest limit. But as we are not yet sufficiently ac- 

auainted with the laws of the motion of fluids to determine 
tie ratio of the increase or decrease of the positive and ne- 
gative resistances experienced by bodies in their passage 
through the water, we cannot ascertain bow near the ulti- 
mate position of the height of sail with the greatest velocity 
which the vessel can acquire will approximate to the limit 
which has been assigned to it. 

One circumstance which may affect the height of sail re- 
mains to be noticed ; this is, the deviation of the apparent 
water-line of the ship when she is in motion, from her hori- 
zontal water-line, which is occasioned by the accumulation 
of fluid at the fore-part of the ship, and the depression of it 
at die after-part, that is incidental to the motion of a body on 
a fluid. This will vary in degree in proportion to the velo- 
city of the ship. Now if this addition to the one and diminu- 
tion from the other of the resisting surfaces alter the propor- 
tions between their respective vertical and direct resistances, 
the directions of the resultants of the resistances on these 
surfaces, which depend on these proportions, will also be al- 
tered. If the extremities of the vessel were formed by plane 
surfaces, neither the accumulation nor the depression would 
alter the directions of the resultants of the resistances, since 
the angles of incidence would be the same for every part of 
the surfaces ; but as the extremities of the vessel are curved 
surfaces, the effect produced on the direction of the re- 
sultants of their respective resistances will depend on the 
relative inclination to the horizon of the curve of that part 
of the body beneath the horizontal water-line, and of the 
parts above or below the water-line, which will be affected 
by the accumulation and depression of the water. Since 
the lower parts of the vessel's body, both forward and abafl, 
are those which are generally most inclined to the horizon, 
it is probable that the direction of the resultant of the re- 
sistances on the bow is lowered by the accumulation of the 
water against themi and that the direction of the resultant 



of the resistances to the stern is rather raised by the depres- Theory, 
sion of the water at that part. At the same time it must ^*'^"v^"^ 
also be observed, that, by the eflect of the accumulation, 
the centre of effort at which the resultant of the resistances 
against the bows acts will be raised, while, by the effect of 
the depression, that at the stern will be lowered. 

The position of this point will determine the height above 
the centre of gravity of the ship, at which the common 
centre of effort of the sails should be placed, not only when 
the directions of the wind and of the ship's course coincide 
with each other, but also whatever may be the direction of 
the ship's course with regard to that of the wind ; for, under 
all circumstances, that portion of the force of the wind 
which acts in propelling the ship in the direction of her 
course, will be subject to the same laws which govern the 
action of the whole force of the wind when it acts in that 
direction. 

It is also evident, that it is not only necessary that the Addition or 
centre of effort of the surface of those sails which are usually diminution, 
set, and for which the position of the height of sail is gene- 
rally recommended to be estimated, should coincide with 
this point ; but also, that when additions are made to the 
quantity of sail set, care should be taken to preserve the 
common centre of effort of the whole surface as nearly at 
this same height above the centre of gravity of the ship as 
is possible. 

It is frequently observed that a ship's velocity does not Velocity 

increase or decrease in proportion to the additional quantity '"^r not in- 

of sail set or taken in. It is evident, from the principles f"**^*^'*^ 
,.,, , «.it 1 "^ t.« mcreaae q£ 

which have been explained, that these apparent anomauet,^ 

must arise from the mal- position of the centre of effort of 

the sail ; and, in fact, it is even possible that the velocity of 

a ship may be decreased by the addition and increased by 

the diminution of sail, if the centre of effort is improperly 

placed. That this may be the more evident, suppose AB 

(fig. 8) to be the water-line of a ship, when the centre of 

Fig. 8. 




effort of the sails is situated at the correct height of sail 
GF ; then suppose the disposition of the sails to be so alter- 
ed that their centre of effort coincides with E, a point si- 
tuated above the point F ; and let a = the force of the wind 
on the sails both before and after the alteration ; its moment 
to turn the ship round its centre of gravity G, when its 
action takes place at the point £, will be equal to a . EG, 
and this force will be opposed by the horizontal resistance of 
the water, also = a, acting at the distance FG from the 
centre of gravity G ; therefore a • EG — a • FG = a • EF will 
be the force exerted by the wind to make the ship revolve 
round G, its centre of gravity, and immerse the bows ; and 
the inclination will continue from the effect of this action 
until the moment of hydrostatical stability, which it will 
generatei becomes sufficient to counteract it It should 
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Theory here be observedi that by ilie difference which the incHna- 
'^'•"v*"^ tion of the ship will make in the angles of incidence of the 
water on the bows and stem, the correct height of sail, ailer 
the inclination, will most probably not coincide with F, but 
the alteration arising from this circumstance in the position 
of this point will depend on the form of the vessel's body. 

When the force a * £F is destroyed, suppose the water- 
line to coincide with CD, then from G draw GH, making 
with G£ the angle EGH equal to the angle of inclination 
DGB ; take GH = G£, tlien H will be the position of the 
centre of effort £ of the sail afler the inclination, and the 
angle BGH will represent the inclination of the plane of 
the sails to the horizon, they having been supposed to be 
vertical before the inclination of the ship. Now from H 
draw HM horizontal, and take MH to represent the whole 
force of the wind acting in that direction, at the points 
H and F ; then from M draw ML perpendicular to GH ; 
and from L draw LK perpendicular to MH ; MK will re- 
present the horizontal force of the wind acting to propel the 
ship in the direction of its course, when the centre of effort 
of the sails is at £. Since MH represents the quantity of 
this force when the centre of effort of the sails is at the true 
height of sail F, KH will represent that part of the horizon- 
tal force which is lost by the mal-position of the centre of 
effort ; and if MH, the whole force of the wind, be assumed 
equal to radius, then from similar triangles MHL, LHK, 
we get the value of KH equal to the square of the sine of 
the angle of inclination divided by the radius, when radius 
is equal to the whole force of the wind. Therefore, if the 
removal of the centre of effort from its correct position at 
the height F had been accomplished by an addition to the 
quantity of sail set, instead of by an alteration in its dispo- 
sition, imless the increase of MH, the force of the wind 
arising fr^m the increase in the area of sail set, was greater 
than this value of KH, which represents the force lost, the 
velocity must be diminished instead of being increased, 
by the addition to the force of the wind ; since its effective 
force to propel the ship would be diminished by a quantity 
equal to the difference between this value of KH and the 
increase of the whole force of the wind. Now suppose that 
by the mal-position of the centre of effort at £, the ship is 
inclined so that GH is the plane of the sails, it is evident 
that the quantity of sail may be reduced until the force of 

the wind is diminished by a quantity equal to — ' -,„ , 

without diminishing the velocity, if, by this reduction in the 
quantity of sail, the centre of effort is removed to its correct 
position at F. This reasoning shows that when the centre 
of effort of sail is placed too high above the centre of gra- 
vity of the ship, the disadvantages of such an adjustment 
may be lessened by raking the masts, since by that means 
the loss in the force of the wind may be avoided. 
If centre of When the centre of effort is above the height of sail, the 
eflbrtof sailyelocity of the ship will be subject to further decrease from 
hei^ht^^ the increase of resistance which will result from the immer- 
sailf sion of the full parts of the body forward, and the conse- 

quently greater area of midship section. Also, in the case 
which has been supposed of the plane of the sails being 
verUcal before the commencement of the action of the 
wind, when the longitudinal inclination £GH takes place, a 
part of the action of the force KL will act to increase the 
displacement, and consequently the resistance. This dis- 
advantage may also be diminished by raking the masts. 
Excess of There are other circumstances arising out of the longi- 
moment of tudinal inclination of the ship, caused by the excess of the 
■ail over moment of the wind on the sails over the moment of hy- 
bnirodjna- <lro<Jyn«nical Btability, which are disadvantageous to the 
niical subi- S<><><^ properties of the ship. The equilibrium which en^ 
ijty. sues between the excess of the moment of the wind and 

the moment of hydrostatical stability, which has been de- 



scribed as being generated by the inclination, will not be Theory. 

constant, as every increase or decrease in the force of the ^""V**^ 

wind will cause an increase or decrease in the moment of 

stability, which must be obtained by a corresponding change 

in the inclination ; therefore a ship in which the centre of 

effort is placed above tlie true height of sail, will be subject 

to an alteration in her water-line at every change in the 

force of the wind ; and it will, owing to this circumstance, 

nt)t only be impossible to adjust the longitudinal position of 

the centre of effort to any fixed trim of the ship which may 

have been found to be advantageous, but it will be equally 

impossible to determine the best longitudinal position for 

this point, afler the ship is in a state of motion, since her 

trim will be subject to constant change. 

If the centre of effort, instead of being supposed to be Centre of 
situated above the true height of sail, be considered to be f^^'^ ^',. 
below that point, the immersion will take place at the after- ^j^J^^*^ 
extremity of the ship, from the action of the excess of the 
moment of the resistance of the water. It must also be 
observed, that there will be this difference in the two cases. 
When the centre of effort is above the height of sail, at 
every increase in the force of the wind the ship will, from 
the increased immersion of the bows, fly up to the wind, 
while the effect of the immersion of the after-part will be 
to make her fall off from it. The ill effects which have Disadvan-* 
been described as attendant on the mal-position of the t^SJ^" ^'^^ 
centre of effort df the sails with respect to the height of "^'PJ''" 
sail, though they cannot be removed while the cause exists, centre of 
and which may consist in the improper proportions of the effort, 
masts and yards, can in some cases be diminished by an 
alteration in the disposition of the weights on board the 
ship. If, instead of supposing the ship to incline, from the 
action of the force of the. wind at the point £, we suppose the 
effort of this force to produce the inclination to be counter- 
acted by the removal of a weight (b) from a point N at the 
fore-part of the ship, to another point O at the after-part, 
then the ship will be maintained in a state of equilibrium 
by the action of the two equal forces a • £F and b * NO ; 
and she will therefore move without longitudinal inclination, 
as long as the force of the wind remains constant ; but any 
alteration in that force must be counteracted by a corre- 
sponding alteration in the position of tlie weight : also, when, 
from the action of the water on the hull, the ship acquires an 
angular velocity, the angular momentum will be increased 
by that of these two fbrces, which may both be considered 
as weights acting at their respective distances from the 
centre of gravity of the ship. It is therefore evident, that 
an error in the position of the centre of effort of the sails 
cannot be advantageously remedied by any alteration in the 
disposition of the weights in the ship, except in peculiar 
cases of smooth water ; and further, if the error be that the 
centre of effort is above the height of sail, the ship will la- 
bour under the disadvantage of a diminished area of sail, 
since the moment of sail must be in constant proportion to 
the moment of stability ; and if the centre of effort is too 
low, the ship may not be able to obtain all the advantage of 
motive power that her stability would admit of her applying. 

It appears, therefore, that unless the centre of effort of Centre of 
the sail be placed at the height of sail, a ship, however good effort at 
her form, and the properties connected with it, may be, and ''"® ^«glit 
whatever may be tlie care bestowed to render those pro- ° ^ ' 
perties most efficient, will labour under very serious disad- 
vantages ; while, on the contrary, a correct adjustment of 
this element, and a knowledge of the principles on which 
that adjustment depends, will place it in the power of a 
commander to obtain a maximum of advantage from the 
powers and properties of his vessel, since it will enable him 
to acquire the greatest possible efficient action frx>m the 
motive power at his disposal. 

As was before said, the determination of the height of 
sail must be classed among those problems of naval archi* 
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Theory, tecture which^ labouring under the difficulties attendant on 
^IT^^^TT' our imperfect knowledge of fluids, cannot be attained by 
attenimt* ^"^^H^ alone. It will now be shown that, by the aid of 
on the prac- theory, sufficient deductions maybe made from experiment 
tical appli- to remedy its practical insufficiency. Throughout the fore- 
going considerations, the sails have been reasoned on as if 
diey were plane surfaces. If this were the case, their centre 
of effort would coincide with their common centre of gravi- 
ty ; but, from the flexibility of the materials of which they 
are made, the sails become, when acted upon by the force 
of the wind, curved surfaces. However, from the whole 
surface of sail with respect to height being composed of 
several such surfaces, the error arising in practice from as- 
suming the height of the common centre of gravity of the 
whole surface to be the height of the centre of effort, will 
be very inconsiderable; therefore, in practice the centre 
of effort of the sails may be represented, with respect to 
height, by their common centre of gravity. 

Since we know, from the principles which have been ex- 
plained, that when the centre of effort of the sails is at the 
true height of sail, the trim of the ship will not be subject- 
ed to alteration by any increase or diminution in the force 
of the wind, the height of sail for any trim may be deter- 
mined by experiment, by 6rst bringing the ship to that trim 
when she is at rest, and then adjusting the sails so that her 
water-line when in motion may be parallel to this trim. 
This being admitted, it is evident that, by proceeding on 
the principles already explained in this article, the maxi- 
mum of advantage arising from the correct position of the 
centre of effort of the sail may be insured, by first ascer- 
taining, from experiment and observation made with re- 
ference to the longitudinal position of the centre of effort 
witii respect to the centre of gravity of the ship, the most 
advantageous draught of water, and then determining the 
correct height of sail with respect to that draught of water. 
The observations necessary to effect these objects will 
require considerable patience and attention ; but it must be 
considered that they will not only enable a commander to 
derive the greatest possible advantage from the means at 
his disposal, but that they will afford correct data for per- 
fecting those means. The following observations may suffice 
to explain the principle which should be pursued. The 
draught of water previous to sailing should be observed ; 
and an instrument which will correctiy measure the angle 
of inclination should be fixed, in reference to this water- 
line, so that by means of it every deviation from this trim 
may be exactly known. This is rendered absolutely neces- 
sary, because, when a ship is in motion, her correct trim, 
that is, her horizontal water-line, cannot be observed, in 
consequence of the accumulation and depression of the wa- 
ter which is caused by the motion. In &ct, any alteration 
made in the trim of the ship or the sails, founded on obser- 
vations made with reference to the apparent water-line, 
might be extremely hazardous, and certainly would not 
prmluce the results expected, as the position of this water- 
line depends wholly on the circumstances which are in im- 
mediate operation. Having the instrument fixed, when the 
ship has acquired a uniform velocity observe the alteration 
which has taken place in her trim, as, until the velocity is 
uniform, the trim will be influenced by the force which ac- 
celerates the velocity. Then, if her longitudinal oscillations 
or her pitching motions appear to be only influenced by the 
state of the sea, the centre of effort is correctiy placed at the 
height of sail. Therefore the height of the centre of gravity 
of tiie surface of sail set, will give the height of sail. But if 
at every change in the force of the wind the vessel experi- 
ehces a sudden increase of longitudinal oscillation, observe 
by the instrument its nature and degree, and make such a 
change in the adjustment of the sails as the foregoing prin- 
ciples have shown to be necessary ; and when the tendency 
to increased longitudinal oscillation ceases, find the height c^ 



sail by calculating the height of the cet^tf^ of gravity of the Theory, 
surface of sail then set. In this maODer the correct height ^— ■•n^*"^ 
of sail for any trim may be found ; ^hilc, by observing at 
the same time the comparative qualities of the ship when 
at each of these trims (afler the height of sail is determined 
for it), that trim of the ship and sails may be determined at 
which a maximum of advantage may be derived from the 
inherent good qualities of the ship, as far as the perfection of 
the materiel will admit, that is, as far as the position and pro- 
portion of the masts, yards, and sails, are adapted to the ele- 
ments of the construction of the ship's body; while from 
knowing the best trim of the ship, and the true position of 
the centre of effort under the several circumstances of wind 
and sea, the naval architect will be in possession of sufficient 
data to make such alterations in the nuUeriel as shall then 
insure a maximum of advantage with a maximum of the 
means. In fJEtct, correct observations of this nature would 
go very far to remove much of the difficulty which theory, in 
its application to some points in the practice of naval archi- 
tecture, at present labours under. 

The laws which govern the mutual action of the wind audBLec^ituIa- 
water on a ship when she is in motion have now been ex-^^" *^ 
plained, principally as tiiey affect her equilibrium round aP"^°P**^ 
vertical or a horizontal axis of rotation ; because by point- 
ing out the various states of equilibrium which result be- 
tween the action of the wind on the sails and the water on 
the hull, we are enabled to sliow the effects which may be 
produced on the qualities of tiie ship by modifications in 
these equilibrio ; eitlier by the use of the helm, by altera- 
tions in the trim of the ship, in the quantity of the sail set, 
or in the disposition of that quantity, so that in the varioui 
changes which may take place in the state of the wind or 
of the sea, the qualities of the vessel may either experience 
the least possible injurious effect, or the greatest possible 
degree of benefit, according as the tendency of the change 
may be injurious or beneficial. In pursuing this train of 
reasoning, we have also endeavoured to explain in what 
manner the principles that govern the mutual action of 
these forces may be made available in directing such ob- 
servations on the performances of ships as may lead to the 
formation of correct conclusions on their powers and quali- 
ties, and guide us to the best means of rendering these qua- 
lities most easily available. It has also been shown, that by 
experiments and observations made according to tiie prin- 
ciples which have been advanced, a nmximum of advantage 
may be obtained from a ship, as far as the form, the fitness 
of the proportions and positions of the masts and ym^s, the 
proportions of the sails, and the trim of the vessel, will admit; 
and, what is yet more important, that sufficient data may be 
obtained to enable the naval architect to judge correctiy of 
the comparative perfection of those means, and so to form 
correct conclusions as to such deviations from them, as would 
either tend to their improvement or to obviate similar de- 
fects in a future design. 

It is evident, that whatever may be the service required In every 
from a vessel, there must always be some maximum of ef-^^^1 * 
ficiency with reference to those services, which is to bear-"J"^**" 
rived at by a judicious combination of the powers of the^^Qey' 
vessel with the means which call them into action. The 
distinguishing division of the characteristics of the qualities 
required in vesseb are mainly those peculiar to burden 
and those peculiar to velocity. In England, for the last Distinct 
century, we may say that burthen, to the sacrifice of every 9w*J»t«. 
other quality, nay, even to an extent compromising the^JJJ*J*J^_ 
safety of the vessel and the lives of the crew, has been the city, 
solitary requirement in the design of a merchant-ship. 

In ships of war, under almost all circumstances, it is a In ships of 
combination of the two which is the desideratum ; and it^vhoth 
is not sufficient that a vessel should be only capable of gteat^^^^^"*'^' 
velocity in direct courses, or when the propelling force acts 
in the direction of the keel; finr it is in most cases of more 
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Theory, importance that fthe should be capable of great velocity 
when acted upon by a force in a direction oblique to diat 
of her length, and at the same time that the deviation of her 
course from this line should be the least possible. 
jjee^iray. The principles on which this deviation of the course of 
a ship from the line of her keel, or the angle of lee-way, de- 
pends, will now be explained ; and the causes will be shown 
which occasion tlie actual results of observations on ships 
to differ from the theoretic principles which have been ad- 
vanced by writers on this subject ; and such methods will 
be suggested for making further observations in reference 
to these qualities as may be desirable, with a view to col- 
lect data to supply the deficiencies resulting to the theory 
fi>om the imperfect state of our knowledge respecting the 
resistances of fluids, particularly as they affect the oblique 
passage of a ship through the water. 

Whatever may be the angle which the direction of the 
wind makes with the plane of the sails, the only effective 
force of the wind on the sail is that part of the whole force 
which can be resolved into a direction perpendicular to the 
Burfiice of the sails ; therefore, whatever may be the whole 
force of the wind, its effective force will vary as the sine 
of the angle which the direction of the wind makes with the 
sail ; and as the velocity of the ship is in proportion to the 
effective force of the wind, it will also, all things else re- 
maining the same, vary as the sine of this angle. Now, as, 
when the ship is under sail, the direction of its motion 
should coincide with the middle line, that is, with the di- 
rection of the keel, since the plane of resistance is less when 
the ship moves in that direction than it is when the line of 
motion cuts the ship obliquely, all that part of tlie force of 
the wind which acts in any other direction than that of the 
keel must be disadvantageous to her progress, as tending 
to force her in a direction in which she will meet with an 
increased resistance from the water. From what has been 
said above, this injurious tendency must necessarily occur 
in every circumstance of tlie action of the wind on the sails 
of a ship, excepting in that under which the trim of the 
sails is at right angles to the middle line of the ship, as, un- 
der all circumstances, the force of the wind on the sail may 
be resolved into two, both of which will have effect on the 
ship, the one acting perpendicular and the other parallel to 
the middle line : or, if we suppose AB (fig. 9) to be the 
middle line of a ship, 

and CD the direction Fig. 9. 

of the yard, making 
with AB the angle 
DEB less than a right 
angle; and suppose 
FE to represent the 
quantity and direc- 
tion of the force of •" 
the wind ; from £ and 
F draw EG perpen- 
dicular and FG pa- 
rallel to DC, and 

from G draw GH perpendicular to AB ; then GE will re- 
present the effective force of the wind on the sail, and GH 
and HE will be respectively equal to the parts of that force 
employed in propelling the vessel in a lateral and in a di- 
rect course. If CD, the direction of the yard, were per- 
pendicular to AB the line of the keel, the lateral effort of 
the wind, or the force GH, would be lost, and have no ef- 
fect on the ship ; but when CD is oblique to AB, what- 
ever may be the quantity or direction of the force FE of 
the wind with respect to AB, it may be resolved into two 
forces, both of which will be effective on the ship. As long 
as DEB, the angle formed by the direction of the yard 
with the line of the keel, remains the same, its complement, 
the angle GEH, will remain the same ; and as GHE is a 
right angle; the triangle GEH will remain similar to itseU^ 
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and the proportion between GH and HE will be invariable, Theory, 
and therefore the effort to cause the deviation of the course ' 
fipom the line of the keel, or the action of the force GH, 
will be in an invariable proportion to the force acting to 
propel the vessel along that line, or the force HE ; and, as 
we know from what has been before said, that the forces 
GH and HE must be respectively equal to, and opposed 
by, the lateral and direct resistances of the water acting in 
the directions HG and EH, the motion of the ship must 
be along some line ab, such that the equilibrium between 
these forces may be maintained. This is the principle on 
which the deviation of the course of the ship from the line 
of the direction of the keel depends. 

The angle of lee-way is determined as follows : Suppose 
the direct and lateral resistances of the water to the pas- 
sage of the vessel to be respectively R and r, and tlie sur- 
faces respectively opposed to these resistances to he d and 
e, and the angle DEB which the sail makes with the line 
of the keel to be c ; then, if the angle of lee-way be sup- 
posed to be Xy we have 

R : r : : fl? • cos.^ xie* sin.* x 
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From this equation, also, it appears that the angle of lee- 
way depends wholly on the angle of inclination of the sail 
to the line of the keel, without in any way involving the 
velocity of the ship ; and most writers on naval architecture 
have in this manner considered the question of the equili- 
brium which exists between the force of the wind and of 
the resistance of the water in producing this angle. Bou- 
guer has calculated an elaborate table of the angles of lee- 
way for various classes of ships for the several degrees of in- 
clination of the sail to the keel, from 30° to 90® ; but the re- 
sults which he has obtained differ essentially from those de- 
rived from observation on the actual performances of vessels. 

According to the theory which has been explained, and Bou£-uer. 
on which Bouguer founded his calculations, the lee-way 
depends solely on the angle formed by the yard and the 
keel, and is uninfluenced by any other cause, and therefore 
is neither affected by the angle which the direction of the 
wind makes with the sail, nor by the velocity of the vessel ; 
but this is contrary to the facts elicited by the experience 
of the actual motion of a ship under sail. From the geo- 
metrical construction which has been given, it is evident, 
that whatever may be the force or the direction of the 
wind, the proportion which GH bears to HE will increase 
as the angle DEB diminishes, and so far the theory agrees 
with experiment ; but it is well known to all who have ob- 
served the motion of a vessel through the water, that witli- 
out any alteration in the direction of the wind with the 
keel, the lee-way varies with every variation in tlie velocity 
of the vessel ; and also, from this same cause, the alteration 
in the velocity, all things else remaining the same, if the 
angle formed by the direction of the wind with the keel be 
altered, the angle of the lee-way will also experience an 
alteration ; in fact, so greatly does the angle of lee-way de- 
pend on the velocity of the ship, that in the same vessel, 
under similar circumstances of bracing of yards and direc- 
tion of wind with the keel, the only varying circumstance 
being a difference in the force of the wind, the quantity 
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of lee-way will vary from that which would occur by the 
ship's almost drifling in the direction of the sine of the angle 
of incidence of the direction of the wind on the sail, to that 
which would exist if her course almost coincided with the 
line of her keel, or to a quantity which, in practice, would 
evidently be scarcely observable. 

There is some difficulty in accounting for this difference 
between the results of theory and the facts observed from 
experience. It depends in a great measure on the imper- 
fection of our knowledge respecting the laws of the motion 
of bodies in fluids, so that we are unable to estimate the cir- 
cumstances of the resistance of the water on the bows and 
on the sides of the ship. The results of the theory of re- 
sistances, when applied to oblique impulses, vary very con- 
siderably from the actual resistances as observed by expe- 
riment, more especially as the angles of incidence become 
more acute. This discrepancy affects the lateral resistance, 
or the resistance on the broad-side, more than the direct, or 
that experienced by the bows of the vessel, and therefore 
has a corresponding influence in causing the actual lee-way 
of a ship to differ from the theoretic result. But this, again, 
is one of those difficulties arising from the imperfect state 
of the theory of resistances, which may be classed among 
those which were referred to in the early part of these ob- 
servations, as requiring " only to be fully known and under- 
stood, to be, if not absolutely theoretically solved, at least, 
from the collection of facts, from experiment, and from ana- 
logy, so far overcome, as to leave nothing to be desired." 
The course of these remarks will tend to show the possi- 
bility of this. Professor Robison, in the excellent article on 
Seamanship, speaking of the results deduced by Bouguer, 
says, " that the person who should direct the operations on 
ship-board in conformity to the maxims deducible from M. 
Bouguer's propositions, would be baffled in most of his at- 
tempts, and be in danger of losing his ship. The whole 
proceeds on the supposed truth of that theory which states 
the impulse of a fluid to be in the proportion of the square 
of the sine df the angle of incidence, and that its action on 
any small portion, such as a square foot of the sails ot hull, 
is the same as if that portion were detached from the rest, 
and were exposed singly and alone to the wind and water 
in the same angle.... But let it be observed, that the theory 
is defective in one point only ; and although this is a most 
important point, and the errors in it destroy the conclusions 
on the general propositions, the reasonings remain in full 
force, and the modus operandi such as is stated in the theory." 

There is another cause existing to occasion the devia- 
tion which is observable in the practical results of the lee- 
way of a ship from the conclusions of theory, which arises 
from the theory's not embracing the whole of the circum- 
stances attendant on a vessel's motion through the water. 
By recurring to the explanation which has been given of 
these circumstances in a previous portion of this article, 
some further elucidation may be aflbrded to the imsatisfac- 
tory result of the theory. When motion is communicated 
to a vessel from a state of rest, or from a lesser degree of 
motion, the effort of the wind on the sails is greater than 
that of the water on the hull, whether to propel the vessel 
in the direction HE of the keel, or, laterally, in the direc- 
tion GH, and the velocity of the vessel in each of these 
directions is accelerated by the excess of the force of the 
wind over the resistance of the water, until, ultimately, by 
the diminution in the relative velocity of the wind, and the 
increase of the relative velocity of the water, an equilibrium 
ensues between the propelling and the resisting forces, and 
the vessel continues to move in the direction of the last 
acting force, and with the last acquired velocity. Now the 
resistances of the water in the direction £H and HG may 
be assumed to increase as the squares of the velocities, and 
from the nature of the form of a vessel, and from the com- 
parative direct and lateral resisting areas, the resistance 



arising from form or area is mucb siTM]^^ .^ ^ direct than Theory. 
in a lateral direction, and therefore the e^y/z/^num between '*'**"v^*^ 
the forces which act laterally may ensue before that be- 
tween the forces which act directly $ io which case the la- 
teral motion of the vessel will become uniform before the 
direct motion, and consequently the ultimate course or di- 
rection of the vessel, when all the forces have arrived at a 
state of equilibrium, will approximate to that of the last 
acting force, that is, will more nearly coincide with the di- 
rection of the keel, and the angle of lee-way will be dimi- 
nished. As this reasoning depends on the intensity of the 
force of the wind, tlie effect will vary as the cause ; and the 
greater the force of the wind, and consequently the velo- 
city of the ship, the greater must be the diminution of the 
angle of lee-way, tliat is, the angle of lee- way will, so far as 
it is affected by these considerations, vary inversely as the 
sine of the angle of incidence of the wind on the sail. 

Romme, in his Traile du Navtre, differs from the opinions Romme. 
advanced by Bouguer ; and though his reasoning on tliis 
subject is far from clear, his opinions are valuable, as he 
founds the conclusions at which he arrives, that the lee-way 
varies inversely as the square of the velocity, and that it 
increases with the obliquity of the sails to the keel, princi- 
pally on observations and experiments on the actual per- 
formances of vessels ; and these are the only means by 
which, as yet, wc can hope to arrive at the solution of this 
problem. However, much further observation is necessary 
to afford sufficient data on which to found an approxima- 
tion to the lee-way which a vessel makes. The general 
facts which influence it appear to be the greater or lesser 
angle of incidence of the wind on the sail, as the velocity 
of the ship is dependent on this ; tlie angle of the inclina- 
tion of the sails with the keel ; the form of the vessel as it 
affects the ratio of the direct and lateral resistances ; the 
form of the vessel as it affects the velocity ; the stability as 
it affects the lateral resistances ; the quantity of sail set ; and 
the state of the sea. 

The distance which a ship falls to leeward of her course Tables 
in any given time may generally be very easily ascertain- might he 
ed ; and it would not be a task of any great difficulty to^*"™"*^*^* 
form tables, from actual observation, for ships, under all the 
various circumstances which have been shown to affect the 
deviation of their course from the line of direction of the 
keel. In the open sea the quantity of lee- way made in any 
certain time may be easily ascertained by measuring the 
angle which the ship's wake makes with the line of the 
keel ; then, if the distance run during the time for which the 
lee-way is to be observed be ascertained, as that distance is 
measured along the line of lee-way, the distance run in any 
period of time will be to the distance which the ship has 
fallen to leeward of her course during that time, as radius 
to the sine of the angle of lee-way. When a ship is in sight Experi- 
of land, the angle which the direction of the keel makes ments 
with the line of lee- way may be more correctly observed by '^^^^'l' »""/ 
means of a fixed object on the shore, whenever the state of "*•"*• 
the wind and sea may render ap estimation of the lee-way 
desirable, that is, whenever the wind is sufficiently steady ; 
as, of course, it is supposed that the angle formed by the 
direction of the wind with the line of the keel will remain 
constant during the whole time for which the distance fallen 
to leeward is to be ascertained. If, when the ship is either 
approaching or leaving the shore, her head be constantly 
kept to the same point of the compass, the ship's course will 
be along the line of lee- way ; and as all things are supposed 
to remain constant during the time of the observation, this 
line will form a constant angle with the line of the keel, 
and therefore the point on the shore, which will have the 
same bearing from the ship as the line of lee-way, will re- 
main at that bearing during the whole time in which the 
ship cither approaches to or recedes from the shore. Con- 
sequently, if, when a ship either approaches to or recedes 
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Theory, from a 8hoTe> an object on the shore be observed which 
' has a constant bearing from the ship, it must be in the di- 
rection of the line of lee-way, and therefore the angle which 
it makes with the 4irection of the keel will be the correct 
angle of lee-way ; and then, as before, if the distance run 
in any time be taken as the radius, the distance which the 
ship has fallen to leeward of her course in that time will be 
equal to the sine of the angle of lee- way to a radius equal to 
the distance run by the vessel in the time assumed. 

The actual quantity gained to windward in any given time 
may also be easily ascertained. The motion of the vessel 
through the water may be considered in ft^ur directions, 
and the velocity with which it advances in either of these 
directions determined. 

The actual velocity of the ship, or the velocity along the 
line of lee- way, which may be called the oblique velocity, 
may be resolved into two ; the direct velocity, or that esti- 
mated in the direction of the keel, and the lateral velocity, 
or that which is in a direction at right angles to the line of 
the keel ; and contemporaneous with these is the velocity 
with which the ship gains to windward. Let AB (fig. lo) 
be the direction of the 
line of the keel of the Fig. 10. 

vessel, and £F the di- 
rection of the yard, cut- 
ting that direction of the 
keel obliquely. Then, 
whatever may be the 
direction of the wind 
GH, the course of the 
vessel will be along 
some line HK, forming 
an angle KHB with the 

direction of the keel ; then suppose HK on the line of lee- 
way to represent the velocity of the ship in that direction, 
from K draw KL perpendicular to HB, and cutting HB in 
L ; then the velocity HK is equal to the two velocities HL 
and LK; and HL and LK will represent respectively the 
direct and lateral velocities of the vessel, in proportion to 
the oblique velocity HK ; and if from the points H and K, 
HM be drawn perpendicular and KM parallel to die direc- 
tion of the wind GH, MK will represent the ^velocity with 
which the ship has gained to windward in the time in which 
she has described the space HK. For the origin of the 
wind being supposed to be at an infinite distance from the 
vessel, as HM is drawn perpendicular to GH, the direc- 
tion of the wind, it may be supposed equidistant in every 
point from the origin of the wind; and as the angle GHK 
is less than the angle GHM, the line HK is within the line 
HM ; and therefore the point K is nearer the origin of the 
wind than the point H, by a quantity equal to the perpen- 
dicular distance KM, of the point K, from the line HM ; 
or the ship has gained the distance MK to windward in 
running firom H to K. It is evident that if HM coincided 
with HK, the ship would neither have gained to windward 
nor fallen to leeward ; and that if HM fell within HK, the 
ship would have fallen to leeward. When the distance HK 
run by the vessel along the line of lee-way, and the angle 
of lee-way KHL, are known, the value of KM may be easily 
determined ; for since the angles GHF, FHL, and LHK, 
are all known, and the line MH is drawn perpendicular to 
HG, their complement, the angle MHK, is known ; there- 
fore, as HMK is aright angle, HK is to KM as radius is to 
the sine of the angle KHM ; or KM is the sine of the angle 
KHM, to a radius equal to the distance run by the vessel 
in the space of time in which the required distance to wind- 
ward, KM, was to be gained. The only difficulties in the 
practical solution of this proposition are, to determine the 
direction HM, or the perpendicular to HG, the direction 
of the wind, and the value of the angle GHF ; for when 
the vessel is in motion, unless the directions of the wind 



and of the course of the vessel coincide, that is, unless the Theory, 
vessel is before the wind, the direction of the wind as ^*— ^v'^^' 
shown by the vane on board will not be its true direction ; 
for, from the velocity of the vessel through the air, the vane 
is subject to a force acting-upon it in a direction opposed to 
that of the course of the vessel, the effect of which may be 
considered the same as if the vane was at rest, and was 
acted upon by a current of air having a velocity equal to 
that of the vessel, but acting in an opposite direction ; con- 
sequently the vane is acted upon by two forces, the one in 
the real direction of the wind, acting with a velocity equal 
to the velocity of the wind in that direction, and the other 
acting in a direction opposed to that of the course of the 
vessel, with a velocity equal to that of the vessel in its 
course ; and therefore the direction of the vane will be the 
diagonal of the parallelogram of which the sides represent 
these two forces in quantity and direction. It is therefore 
evident that, all things else remaining the same, the greater 
the velocity of the vessel the more will the direction of 
the wind, as shown by the vane, or the apparent wind, de- 
viate from the actual direction of the wind, or the true 
wind ; and as this deviation arises from the action of a force Yeuels sp- 
in a direction opposed to the motion of the vessel, or acting pear to lie 
along the line of the course from the fore-part of the vessel ^^^^l ^^ 
towards the after-part, the apparent direction of the ^indjjj^^^p 
w ill In all cases head the vessel more than the true direc- actually do 
tion of the wind, and consequently the vessel will always He. 
appear to lie nearer the wind than she actually does. 

The true direction of the wind may be found if the ve- True direc- 
locity and direction of the vessel be known, and also the**?" of ^^« 
velocity and direction of the apparent wind, as the corre-^"*"* 
sponding velocity and direction of the true wind will form 
die third side of a triangle, of which the three sides will be 
to each other as the three velocities ; and as two of these 
are known, and include a known angle, that formed by the 
direction of the apparent wind with the course of the ves- 
sel, the thiird side, or the direction and velocity of the true 
wind, may be easily found. But as there is a difficulty in 
ascertaining the velocity of the apparent wind, the most 
easy way of determining the direction of the true wind will 
be by observing the arc through which the sliip's head 
passes from close-hauled on one tack to close-hauled on the 
opposite tack. The bisection of this arc will, all things else 
remaining the same, give the direction of the true wind, as 
the course of the vessel, in relation to the direction of tfie 
wind, will be the same on either tack. Or the directions 
of the apparent wind may be observed both before and afler 
tacking, and the true wind will be the middle point between 
tlie two directions, as the cause of the deviation of the di- 
rection of the vane from that of the true wind, or the velo- 
city of the vessel, will be equal on each tack ; and when 
the direction of the true wind is known, all the other parts 
of the triangle may be found, as the direction and velocity 
of the ship are known, and also the angle made by the ap- 
parent wind with that direction. 

Should the velocity of the vessel be greater on one tack 
than on the other, it will be necessary, in order to determine 
the direction of the true wind, to divide the arc described 
by the vane when the ship is tacked into two segments, 
which shall be to each other in the inverse ratio of the ve- 
locities of the vessel on the tacks adjacent to these segments. 

Writers on naval architecture and seamanship appear to Nearest ap- 
have fixed the limit of the angle which is formed by theP^^^timu- 
direction of the wind with the line of the keel, when a ship^^^^^®* ^^ 
is close-hauled, at six points. This exceeds the angle which ^1,^ ^^^^J* 
the writer of this article has repeatedly observed, by the 
means which have been described, as being formed by Uie 
direction of the wind with the line of the keel, on board the 
Acorn, one of the corvettes of the experimental squadron 
of the year 1827. The fdlowing table will show the re- 
sults of some of the observations then made. 
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Ship's Head 


Ship*f Htcd 


No. of Points 


State of the 


before Tacking. 


after Tacking. 


diArence. 


Wind. 


S. S. E. i £. 


W.JN. 


11 


Fresh breeze. 


W. bv S. h S. 


S. S. E. 4 E. 


9 


Light airs. 


S. S. E. 4 E. 


W. by S. 4 S. 


9 


liight airs. 


W.iN. 


N. by E. I E. 


H 


Moderate. 


N. W. by N. 


E.byN. 


10 


Fresh breeze. 


S. S. K. 


W. 


10 


Very fresh. 


W4S. 


S. E. by S. 


104 


Yery fresh. 



is, directly as the velocity c ^ 
of the absolute inclination < J} 
rectly as the square root of 
agrees with the conclusions 
and it is evident that, the 
the same, and the sine of Q 
wind to the yard becoming p 
whole force of the wind act p 
tlie yard, the velocity of th p^ 
of the sails set, and may the Q 
ing, be increased without li pf 

From all the conclusion: 
the course of these remark p 



The second and third observations in this table were 
made on the same day. Their correctness receives farther 
confirmation from the circumstance, that when the Acorn 

was on the larboard tack, with her head W. by S. ^ S., the -wind and water on a ship, i m 
Coliunbine, another corvette of the squadron, was on the gree of perfection in the ( ^ 
Acorn's beam, and it was ascertained from an observer on with reference to her motio 
board the Columbine, she was lying about S£. by S. on the 
starboard tack ; she must therefore have been lying as near 
the wind as the Acorn. The wind was very light, the rate 
by log being only one knot two fathoms ; the angle of lee- 
way, as observed by the wake, was seven degrees. It is 
desirable that similar observations should be made for 



her course through the ;» 
I suitableness of the disp ^ 



to her 

the 

to the form of the vessel 

between these elements is e Q 

son alike show, that the moi == 



all ed to the qualities of her f( ^ 
classes of ships ; the circumstances of sea, wind, and rate by formances approach to pe Cj 
log, should also be noticed, that when any comparison is in- ' the proportions and form o C 
stituted, a due allowance may be made for their influence 



Limit to We have seen that the velocity of the ship depends on 
the velocity ^^ strength of the wind. Writers on naval architecture 
oi a ship, ijj^yg advanced various opinions as to the practicable limit 
to the velocity of a ship, in comparison with that of the 
wind. Bouguer endeavours to prove that the velocity of a 
fast-sailing ship is, when going nearly before the wind, 
about f ths of the velocity of the wind, an4 that merchant- 
ships seldom attain to more tlian one fiflh of its velocity ; 
but he considers it not impossible that fast-sailing frigates 
may arrive at a velocity about equal to half that of the 
wind. Don Juan objects to Bouguer's limit, as too restrict- 
ed ; he corroborates the opinions he advances by the re- 
sults which he has deduced from experiment and observa- 
tion on the actual performances of ships. He says that 
fast-sailing vessels acquire a velocity nearly equal to that of 
the wind, even when going before the wind. The nearest 
appros^imation to this velocity which he observed was as 
twenty-one to twenty-three; the average conclusion at 
which he arrives is, that when the course of the ship and 
the direction of the wind nearly coincide, the velocity of 
the ship is from §ds to ^ths of that of the wind. 
May exceed But in oblique courses it is very possible for the vessel 
that^of the to acquire a velocity even greater than that of the wind, if 
we admit the conclusions of Don Juan to be correct. The 
reason of this will appear evident on a very slight consider- 
ation. The velocity with which the wind acts on the sails 
afrer the ship has acquired motion is only its relative velo- 



^*ind. 



ing near the wind, and of T 
cannot evidently be made ^ 
form to their full extent, u J 
for rendering such qualitQ 
which the form and propoi 2 
ing in oblique courses, by 
for such forms and courses H 
the degree of advantage it 7 
would otherwise be capabl ^ 
time fall far short of the > Z 
capable in direct courses. U) 
sail well, her form must i ^ 
and quickness of manceuvi 
to her form ; and she must I H 
petent to develope the adv ps 

The first of the followi^ 
work. Scales of Displacemc ^ 
ber of the late School of N ^ 
was formed by Mr Henwo< S^j 
establishment, and publish ^ 
United Service Journal. ^ 
the master shipwright of K U p 
ham, and published in tlie 

These tables compose 
some of the elements of c 
and, within their limits, car 
naval architect ; because, t 
chitecture is a science of com, 




J . .^K„^a aua 



analogies. To the 

city, that is, the excess of its actual velocity above the ve- reader of the foregoing pages of this article it need scarcelv 

locity which the ship has acquired in the direction of the be observed, that there yet remain many difficulties opposed 

wind. Now, when tlie directions of die wind and of the to its being perfected, and that these can only be removed 

course of the vessel coincide, this relative velocity of the by a rigorous course of inductive investigation applied to 

wind is only the difference between the actual velocities of the results of a patient, an attentive, and, above all, a com- 

the wind and of the vessel ; but when the course of the petent comparison of the reported qualities and perform- 

vessel is oblique to that of the wind, the relative velocity ances of ships, with an analysis of the elements of their de- 

of the wind is the difference between the actual velocity of sign. When the School of Naval Architecture shall be re- 

the wind and that part of the velocity of the vessel which established, as it most assuredly will be, the exercises of 

can be resolved in the direction of the wind. Robison, in the students in their calculations^ and their experiments on 

the article on Seamanship, says, that when the sails are ships, may be made available to this end, by gradually ob-> 

square to the keel, and the wind right afl, the ship's velo- tain ing the preliminary analysis of the whole navy of £nir» 

land ; a work of very far too great labour for any thine hut 



city is in direct proportion to the relative velocity, and to 
the square root of the surface of the sails ; therefore, he 
says, '< in order to increase the relative velocity by an in- 
crease of sail only, we must make this increase of sail in 
the duplicate proportion of the increas'e of velocity." 

When the sails are oblique to the keel, he says " the 
▼elocity of the ship is proportional to V S • V • sLq, a ; that 



very tar too great labour for any thing but 
the combined endeavours of many individuals to accom- 
plish ; and when accomplished, of too vast extent, and of 
too varied and too conflicting results, to be grappled with 
by any but by a mind apt to conceive, to collate, and to 
generalize, and competent to submit these generalizationa 
to the ordeal of strict mathematical investigation. 
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Table II. 



Rodney, 92 guns 

Queen, 110 gana 

Vengeance, 84 guns 

* Vengeance, 84 guns 

Winchester, 52 guns 

'President, 52 guns 

Seringapatam, 46 guns.., 

Inconstant, 36 guns 

Minerva, 46 guns 

Sapphire, 28 guns 

Imogene, 28 guns 

Challenger, 28 guns 

Rover, 18 guns 

Orestes, 18 guns 

Champion, 18 guns 

Columbine, 18 guns 

Scylla, 18 guns 

•Waterwitch, 10 guns... 
BritomarU 10 guns. , 



Icct. In. 

204 

202 5 

194 2 

194 114 

172 7 

172 10 

159 4 

160 
152 9 
120 
126 
126 11 

109 9 
111 .2 

110 10 
102 7 

97 6 

88 11 

86 9 



Feet. In. 

54 4} 

59 8i 

62 24 

52 24 

44 3 

44 n 

41 

45 
40 4 
34 
33 10 
32 84 



34 
31 
31 



33 24 
30 

H 

7 



24 



I 
L 

5 

I 



Feet. 
21-27 
22*91 
20-655 
21-825 
191 
18-5 
1605 
1800 
1632 
1342 
14-42 
151 
1305 
1287 
12-92 
13-4 
11-33 
1M42 

9-81 



Draught of Water. 



Feet. In. 
23 
22 54 
21 74 



22 

20 
19 



16 84 
19 5 

17 6 

U H 

15 6 

16 7 
13 114 

13 10 

14 6 
14 44 



10 
10 



10 7J 



< 



Feet. 
24 
23 
23 
24 
21 
21 
18 
19 
18 
15 
16 
16 
14 
14 
14 
14 
14 
14 
12 



In. 
14 
54 
14 

10 
2 
8 

24 

5 

6 

54 
4 

7 
114 

7 

6 
10} 

3 

3i 



s 




eS 


=5^ 


is 


^1 
^5 


g 


Bo 


y 


a 


.a* 


"1 


Q 


s 




^1 



Tons. 

4165} 

4482} 

3387 

3680 

2279 

21234 

1531 

1862 

1428 

770 

873 

943 

563 

606 

615-8 

624-8 



Feet. 
2-445 
1-843 
3-672 
2-467 
1-662 
4-397 
2-84 
279 
2-38 
1-76 
217 
235 
2-253 
2-485 
1-226 
4-25 



421-8 1-312 
330-8 -167 
2780 -517 






Cub. Ft. 
73550 
79320 
59856 
64836 
40180 
38059 



32975 

26381 

13636 

15517 

16730 

10017 

10805 

10824 

9435 

I 7626 

6804 

4920 






Cub. Ft. 
72250 
77574 
58702 
63974 
39602 



26366 

32192 

23949 

13330 

15052 

16288 

9722 

10403 

10732 

8933 

7239 

5774 

4808 



h 



Cub. Ft. 

37-14 

49-9 

330 

24.1 

16-5 

51-4 

24-6 

22-4 

69-4 

8-6 

13-2 

12-6 

8-4 

11-5 

2-66 

14-3 

82 

-56 
3-5 



Feet. 

40-99 

40-51 

37-09 

37-74 

33-54 

32-95 

31-56 

3074 

25103 

23-22 

24-78 

2476 

20-74 

21-63 

21-94 

18-79 

17-91 

16-44 

16-66 



0^ 



Feet. 

41-72 

41-42 

37-82 

38-25 

34 03 

34-58 

32-68 

31-49 

27-688 

23-75 

26-54 

25-43 

21-37 

22-46 

22*12 

19*84 

18-88 

1652 

1705 
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* The calculations for the ships thus marked are made to the sea-going draughu of water ; tot the others, to the draughts of water on the drawings. 

Table III. — Moments of Sail, of Stability^ and of Sail in terms of the Stability, in Ships which have carried their 

Sail toelL 



Three-decked Ships. 



Moments 



2,632,121 






Tons. 
3462 



'S2« 



762 



Two-decked Ships. 



Moments 



1,750,166 



00 <^ 



Tons. 
2280. 



3i| 



767 



Frigates. 



Moments 



1,276,577 






Tons. 
1647 



m 



776 



Sloops. 



Moments 



.2 



Tons. 
654,484 647 



1^- 

bZb 






1013 



Brigs of 18 Ouns. 



Moments 



442,413 






'11 



Tons. 
409 1081 



Brigs of 10 Ouns. 



Moments 



247,645 






Tons. 
207 



^Sl 



1196 



Description of several Mechanical Methods of Designing 
the Body of a Ship, 

Mechanical The following mechanical methods of'designing the forms 
processes of midship sections, and of ships' bodies, have been publish- 
fur wrrwt ^^ in different English and French works on naval archi- 
principles. tecture. Some of these are for forming the midship section 
alone ; others are for deducing the successive sections for- 
ward and abaft from a given midship section. Sucli me- 
thods of endeavouring to compensate for the absence of 
more correct principles on which to found the design of a 
ship, were rendered necessary whenever the vessel to be 
built was of too large a size to admit of being conveniently 
put up by the aid of the eye alone ; and consequently al- 
most every merchant- builder is in possession of some such 
empirical system, to enable him to form a design for a ship. 
Whether the ship built afler the design so formed, will 
prove to be possessed of good or of bad qualities, does not 
generally enter into the consideration, excepting in so far 
as the crude ideas of the inventor of the system may have 
guided him in forming it. We say the crude ideas, be- 
cause the builder whose judgment is sound enough to en- 
able him to arrange facts and classify observations, and 
ifthose experience has been extensive enough to have fur- 



nished him sufficient facts from which to deduce principles^ 
will abandon all such attempts as futile, and will pursue the 
study of naval architecture in the manner in which alone 
it can be studied to certain advantage, that is, as an induc- 
tive science. His success will depend on his fitness for the 
task. 

If all the principles which are involved in the design for 
a perfect ship were developed, and correct results could be 
obtained by calculation on every point involved, a system 
might be formed. A system might also be formed combin- 
ing all die present knowledge on the subject ; but this is 
far from desirable; it would necessarily be imperfect, and it 
would be entailing imperfection on the future. 

M. Bouguer, in his Traite du Navircy gives four methods Methods 
which have been used for describing the midship sections tor forming 
of ships. ' He observes, that in these plans the midship sec- midship 
tions are generally formed of arcs of circles ; but that some-^*^*^*^"** 
times, through the ignorance of the inventors, of the fact, that 
for two arcs of circles to touch each other without cutting, 
their centres must be in the straight line which passes 
tlirough their point of contact, the midship sections which 
they formed by these arcs had not even the advantage of 
being curves, but had angles in their contour. He shows 
how this error may be avoided. The first method he givea 
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of the ship. A circle RANB, which has this line for the 
diameter, is then described ; and, bisecting AB in C, he draws 
the perpendicular CD, equal to the depth intended to be 
given to the vessel, which extends from the under part of 
the beam to the upper side of the keel. Through the point 
D he draws a line parallel to AB, and, making "DG and 
DH each equal to half the flat of the floor, eaual also, if so 
determined, to one fourth of the whole breadth, he draws 
the TerticalB G£ and HF equal to the rising of the floor. 
These may be assumed equal to the twenty-fourth, the 
eiditeentl), or the twelfth part of GH. He then finds on 
GE, produced both ways to K and S, a point M, which he 
takes for the centre of an arc of a circle NE, that touches the 
first circle in some point N, and the straight Ime £F in 
£• Then with a point S assumed as a centre he describes 
the arc £0, which, touching the straight line £F or t}je 
arc NE in E, meets the side of the keel in O. He has 
thus ANEO for the form of half the secdon, and the other 
side 18 drawn in the same manner. 
Bouguer*s Bouguer corrects this method thus : He takes £K equal 
correction, to the radius CA of the first circle, or equal to half the 
length of the beam, and having joined the points K and C 
by the straight line CK, if it be bisected in L, and LM be 
drawn perpendicular to it, the intersection of this per- 
pendicular with EK will be the centre M of the arc NE. 
For MC being equal to MK, and EK having been made 
equal to AC or to NC, it is evident that MN will be equal 
to ME, and consequently the arc of the circle described 
from the point M as a centre, and which will pass through 
the point E, will touch the first circle in N. To determine 
the other centre S, bisect the straight line £0, and firom 
the point of bisection draw a perpendicular which will meet 
IG produced in the point S, which will be the centre of 
the arc £0. The arcs AQ and OR are described, the first 
round the pomt I as a centre with the radius lA ; the se- 
cond round any assumed centre with a radius equal to AI. 
Another method is for determining the midship sections 
of flat-floored ships. It was invent^ by M. de Palmi of 
Brest A rectanelc ABIL (fig. 12) is described, which has 
for its breadth the breadth of beam, and for its height 
the depth to the keel. At E and F, the extremities of the 
flat of the floor, the perpendiculars GE and HF are drawn 
equal to the rising. A line KE (fig. 13) equal to LG is 
assumed, and a square described upon it ; two quadrants 
of circles AQE and AXE are inscribed in this square, and 
either arc AXE is divided into a certain number of equal 
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parts, AV, VX, XY, YZ, &c. drawing from 
the points of division VO, XN, &c perpen* 
dicular to the radius AK. The depth of the 
vessel to the rising of the floor is divided in- 
to the same number of equal parts ; and trans- 
ferring to level lines drawn through these last 
points of division O, N, &c. the distances 
OS, NR, MQ, &c. intercepted in fig. 13 be- ' 
tween the radius AK and the arc of the circle AQE, it 
only remains to pass a curve ASRQPE, in fig. 12, through 
the extremities of all the perpendiculars or ordinates OS, 
NR, &c. and the form of half the first section is obtained. 
ED may be formed by an arc of a circle touching the first 
curve £, and joining the side of the keel at D. 

A third method, given by Bouguer, is for sharp ships. By Boa« 
Form as before the rectangle ABIL (fig. 14), circumscrib-guer. 

Fig. 14. 




ing the part of the section below the main breadth AB ; 
then the rising GE or HF of the midship-floor is taken 
equal to a fifth or a sixth part of the flat of tlie floor GH. 
The points £ and F being determined, two portions of pa- 
rabolas AE and BF are described, A being the vertex and 
AC the axis of the one, and B the vertex and BC the axis 
of the other. The flat of the floor is formed by two arcs 
of circles, the convexity of the upper arc being below, and 
of the lower arc above. Having drawn from the point £, 
EK and £M perpendicular respectively to AL and AC, 
describe from a centre in AC produced indefinitely towards 
N, the semicircle MKN passing through the points K and 
M. Then AN will be the parameter of the parabola, which 
will serve to determine as many points in the curve as may 
be desired. If it be required to find a point in the vertical 
line PQ through which the curve will pass, it may be found 
by describing the semicircle NOP, and drawing from the 
point O, where the semicircle cuts AL, the horizontal line 
OQ, the point Q, the intersection of this line with PQ, will 
be a point in the parabola. In the same manner any num- 
ber of points may be found. In order that the first arc of 
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Mechanical the cirde of wWch the flat of the floor is formed, mny not 
Methods of 1,^]^^ an angle with the parabola, it is necessary that its 
Bodiesf ^^^^^ should be situated in some point S of the perpendi- 
^_. ^-JLr cular to the parabola £R. To draw this perpendicular, the 
sub- normal roust be made equal to half the parameter AN. 
Methods These methods are sufficient to show the nature of the 
^V i^Jh""^ mechanical systems of drawing the midship sections. We 
body, ^ij proceed to give some of the mechanical systems of 
forming the sections of the fore and after bodies of ships. 
This operation affords a greater scope for ingenuity than 
the formation of the midship sections, and consequently the 
methods proposed have been much more numerous. The 
principal lines used in the construction of ships' bodies by 
these methods are the main breadth-lines, the top breadth- 
lines, and the rising and breadth-lines of the floors. These 
lines are shown in two planes, a longitudinal vertical plane, 
and a longitudinal horizontal plane. The rising of the main 
breadth-line shows the projection on the longitudinal ver- 
tical plane of the heights above the upper side of the keel, 
at which are the greatest breadths of the different vertical 
sections fore and afl ; and the horizontal main breadth-line 
shows the corresponding distances from the middle line of 
the ship at the respective sections. The rising of the top 
breadth-line, and the horizontal top breadth-line, show in the 
same manner the heights from the upper side of the keel, 
and the horizontal distances from the middle line of the 
ship, of the different vertical sections at the top breadth of 
the timbers. At these heights, and at these distances from 
the middle line, arcs of circles are generally described, 
which give the form of parts of the vertical sections, or of 
the frames of the ship. The rising line of the floors gives 
in the same manner the heights above the upper side of 
the keel, and the horizontal breadth-line of the floors gives 
the distances from the middle line at which the floor-sweeps 
commence. 

One of the oldest methods of forming a ship's body is 
that which is called " whole moulding." It is a method of 
constructing the square body, that is, all the body except 
the fore and after extremities of a vessel, where the planes 
of the frames are placed obliquely to the middle line, by 
means of two moulds ; the upper one giving the form of 
the timbers above the rising line, and the lower one (called 
the ^ floor-hollow") giving the form of the timbers from the 
rising line to the keel. The midship section is first formed, 
usually by arcs of circles ; and at the height of the rising 
line in this section a horizontal tangent is drawn to this 
curve. In order that this tangent may be horizontal, the 
centre of the arc, forming the lower part of the curve, must 
be in a vertical line passing through the point at which the 
tangent is drawn. The lower part is formed by a sweep 
which reconciles with the upper curve. Usually this sweep 
does not correctly touch the upper curve, although the in- 
accuracy is not very important in this method of construc- 
tion. In forming the body-plan, the heights of the main 
breadth and rising lines at the different frames are set off, 
and the different sections drawn by the two moulds. On 
the horizontal part of the upper mould ABC (fig. 15) are 
. marked the half main breadths of the different sections, as 
shown at C, and on the upper part of the mould their 
heights, as at A ; the lower mould DBF is also marked 
where it meets the side of the keel at the different sections. 
In moulding any timber, a square, called the rising square, 
with the heights of the different risings of the timbers mark- 
ed on it, is used, by which the moulds are set according to 
the particular timber the form of which it is intended to 
obtain. On this square are also frequently marked the 
heights of the cutting down, by which the form of the in- 
side of the timber is obtained at the same time. The ope- 
ration of moulding a timber may be best seen by reference 
to the figure, where the moulds and rising square are set 
for moulding the lower futtock. No. 8. 
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In Duhamel's Elemens de P Architecture Navale, there Method by 
is a French method, nearly resembling this, of ** whole Duhamei. 
moulding." 

In Mungo Murray's Treatise on Ship-building, a method By Mitngo 
is given for forming a ship's body by Uie use of the sector. >iiirr^)« 
This instrument is formed of two scales connected by a 
hinge, so as to open and shut like a common rule. Seven 
lines are drawn on each leg of the sector from its centre, 
divided at numerous points, indicating lengths which refer 
to differents elements of the body. The marks on the cor* 
responding lines on the two legs of the sector refer to the 
same distances. 

The lines on one side of the sector are divided for the 
fore-body, and on the other for the after-body. The man- 
ner of using these lines is thus described. '* The general 
dimensions being determined, and a scale adapted to the 
drawing, take the half breadth with a pair of compasses, and 
placing one foot in the proper point for the half breadth of 
the midship section, which is shown on one of the lines, 
open the sector till the other foot reaches to the same point 
in the corresponding line on the other leg." 

The sector being thus set, the different distances are 
taken by the compasses from the corresponding points mark- 
ed on the corresponding lines, and set off in the different 
plans. 

It is immediately evident that, by the use of the sector as 
described, all ships constructed by it would be similar to 
that according to which the distances were marked on these 
lines. If it is required to form a fuller or a sharper body than 
that by which the lines of the sector were divided, the mid- 
ship section, with the foremost and aftermost sections, must 
be determined agreeably to the will of the constructor ; and 
the intermediate sections will be determined on the diago- 
nals by setting the sector separately for each diagonal, and 
then taking the distances from the lines as before for the 
formation of the different plans in the drawing. 

The next method of constructing ships' bodies which we By Bou. 
shall give is described by Bouguer ; the diagonals in this 8:uer. 
method arc formed of arcs of ellipses. The midship sec- 
tion is formed at will, and the extreme sections, forward 
and abaft, are formed in an arbitrary relation to the mid- 
ship section. To form the after-body by this method, let 
ABC (fig 16) represent the midship section, FED the 
after section, and BE the projection of one of the diagonals. 
Describe the arc of a circle BA (fig. 17) whose radius is 
equal to three times the line BE (fig. 16), and whose versed 
sine BC is equal to BE. Divide the sine AC into any 
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If in the body-plan, which will give points in which ^heMech^i^ 
intermediate sections will cut the diagonal hf. Instead of ^^;_,;„^ 
dividing the arc FG into ^qual parts, some constructors 
divide the sine DG into equal paits, and, by drawing lines > 
parallel to FD from these points of division, determine the 
points of division of the arc FG, and then proceed as be- 
fore. Instead of making similar figures for other diagonals, 
they are frequently divided proportionally to/&. 

Bouguer proceeds to show the method of completing the 
diagonals before and abaft the extreme sections. 

One of the easiest methods of constructing ships' bodies, is 
by means of an equilateral triangle, and is described by Du- 
hamel in his Elimens de PArckUeeture Navak. To Con- 
struct the triangle for the after-body, draw any line AB 
(fig. 19), and divide it at 
the points 1, 2, 3, &c. so 
that the distance from I 
to 2 may be three times 
the distance Al, taken 
at pleasure, tlie distance 
from 2 to S five times Al, 
and so on ; the number of 
points of division corre- 
sponding to the number of 
intermediate sections be- 
tween the midship sec- 
tion and the stern-post, to- 
gether with the after-sec- 
tion at the stem-post. 
Suppose the number of 
intermediate sections to 
be 7, let the distance from 

7 to B be at least equal to the distance between the ver- 
tical sections on the plan of elevation. Describe on AB 
the equilateral triangle ABC, and join CI, C2, C3, &c. 
The use of this triangle is to divide the projection of the 
diaffonals in the body-plan proportionally to the divisions 
of Uie base of the triangle AB. 

In the plan of elevation, or sheer plan, take the distance 
between any two of the vertical sections, and place DE, the 
line representing this distance, parallel to AB, and so that 
its extremities may be in the lines C7 and CB. Produce 
DE to F, and take the horizontal distance firom the inter- 
section of the projection of the diagonal with the vertical 




number of equal parts, according to the number of inter- 
mediate timbers it is intended to draw. From these points 
of division draw the lines DI, EK, &c. perpendicular to 
AC ; and from the points where these lines intersect the 
arc of the circle draw 15, K4, &c. parallel to AC. Trans- 
fer the line BC, so divided at 1, 2, &c to BE, in fig. 16, 
which will give points in which the intermediate sections 
will cut the diagonal BE. The other diagonals are divided 
similarly by taking any point O in AC produced (fig. 17), and 
joining OB, OI, &c. and placing the pwrojection of any dia- 
gonal as FQ parallel to BC, and with its extreme points in 
OB and OC. Some constructors prefer dividing each dia- 
gonal separately, by describing arcs of circles BA with dif- 
ferent radii ; others, instead of dividing the sine AC into 
equal parts, divide the arc AB into equal parts, and then 
proceed as before. 

The fore-body is formed by nearly the same means, but 

is always made fuller than the afler-body. Let A^ (fig. ^ ^ ^ 

16) represent the midship section, and Xed the extreme section 7, to where the projection of the diagonal meets 
section forward ; produce the projection of the diagonal be the projection of the afler fashion-piece ; and place this 
to meet the middle line of the body-plan in /. Describe distance DG on DF, keeping one of its extremities in D ; 

then join CG, and produce it to meet the base AB pro- 



Fig. 18. 



the quadrant of a circle 
BA (fig. 18) with a ra- 
dius equal to/6 (fig. 16), 
and draw the sine DC 
equal to j^ and parallel 
to FB. From a point £ 
in FA produced, describe 
an arc of a circle, witli a 
radius equal to once and 
a half or twice FB, ac- 
cording as it is intended 
to make the fore-body 
fuller or sharper, meeting 
CD produced in G. Di- 
vide the arc FG into as 
many equal parts as it is 
required to find spots on 
the diagonal 6e, for the in- 
termediate sections ; and 
from the points of divi- 
sion H, I, d'c draw HM, 
IN, &c. parallel to BF ; 
and draw PI, 02, &c. pa- ** 

rallel to FA. Then transfer BF, so divided, at 1, 2, &c. 
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duced in H. Take the projection of this diagonal in the 
body-plan IK (fig. 20) from the 
midship section LIM to the fashion- 
piece NKO, and place it in the 
triangle parallel to the base AB, 
and with its extremities t and k 
in CA and CH ; the lines CI, C2, 
C3, &c. will divide the line ik pro- 
portionally to the divisions of the 
base of the triangle AB. Transfer 
this line so divided to its place in 
the body-plan : the points 1,2, 3, 
&c will give spots through which 
the intermediate vertical sections 
will pass. 

Some who have used this me- 
thod of forming ships' bodies 
placed the projections of all the 
diagonals parallel to the base of the triangle ; others placed 
them at different angles with the base. Duhamel recom- 
mends their being placed as follows. The projectiop of the 
lower diagonal representing the floor ribband parallel to the 
base ; the projection of the second diagonal at an angle of 
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Chapman's 60* SC with that part of the side of the triangle above the 
Parabolic projection of the diagonal ; the third at an angle of 68*» ; 

and the projection of the sixth or top-breadth ribband at 
an angle of 60o. 

To construct the fore-body, a nearly similar process is 
adopted ; but the base of the triangle is differently divided, — 
generally in a geometrical progression whose common mul- 
tiplier is 2. The divisions of the bases of the triangles, 
however, are altogether arbitrary, as well as the angles of 
inclination at which the projections of the diagonals are 
placed, for both the fore and after bodies. 
Oljeetioiii These are some of the most esteemed mechanical me- 
to the use ^^^ of constructing the midship sections of ships, and the 
fore and after bodies in relation to them. The inspection 
of them already shows that there is no attempt to describe 
a form which is proved to possess any property conducive 
to the good qualities of a ship. In forming a midship sec- 
tion by arcs of circles, it has been said that this figure has 
been chosen because a circle contains the greatest area un- 
der the least periphery. Supposing even that this principle 
were introduced into the form of a midship section, which 
is, however, frequently destroyed by the use of several arcs 
of circles, it by no means establishes the propriety of using 
the arcs of circles in the construction of tne form of a mid- 
ship section, because it would first be necessary to show 
that it would be a good property for a midship section to 
contain the greatest area under the least periphery. In 
fact, the principles of naval architecture require a contrary' 
practice ; a fiatness is requisite in some parts of this section 
instead of rotundity, to give lateral resistance, great stabili- 
ty under a given area, and fine water-lines. The use of the 
ellipse is equally arbitrary. Little can be said in favour of 
either of the meUiods of designing bodies which we have 
described, nor need any thing be urged against them : it will 
evidently be perceived, that they are the resources of per- 
sons who are called upon to give designs of ships, and who, 
being ignorant of any correct data on which to form their 
design, are necessitated to adopt some such system of con- 
struction that they may designate as their theory. In no case 
do we find that those who have published systems such as 
the foregoing, attempt to prove that ships built after these 
systems are in consequence good ships ; the utmost assump- 
tion appears to be, that by proceeding with a drawing after 
the course laid down, the result will be the design tor the 
body of a ship. All such methods are to be deprecated, as 
being mere empirical substitutes for knowledge, and be- 
cause they not only oppose a barrier to legitimate attempts 
towards improvement^ but they actually prevent the appli- 
cation of such knowledge to the designing of ships' bodies, 
as may really be possessed. If we look upon systems for 
tracing these curves merely as aids to the well-informed 
naval architect in the formation of his drawing, tliey cease 
to be objectionable, and become mere mechanical means in 
his hands, which he can use or vary at pleasure, for the 
purpose of facilitating the mechanical operations incidental 
to the designing of a ship. They are also necessarily in- 
troduced into this article, as forming an essential feature in 
the progressive improvement of naval architecture. Me- 
chanical methods of constructing designs for bodies followed, 
no doubt, immediately upon the method of constructing them 
merely by the aid of the eye, and they continue to be very 
generally used in the merchant-service, and may, no doubt, 
be reckoned among the causes which have operated^ in- 
juriously to the interests of our mercantile navy. 



ChapmarCs Eapanentkd and ParaboUc Systems qf Con- 
structwtu 

These were described m the last work of the celebrated 
Swedish naval architect Chapman; it was published in 1806. 
The parabolic system must be classed in this division of 



our subject, as among the mechanical methods of designing Cbapixmn's 
the forms of ships, though it is so incomparably beyond afi P^fftbolic 
those plans which we have previously aescribed, that we^^***'"' ^ 
shall devote some space to a detailed description of it. The chapmanV 
Swedish work, until translated by the late Mr Morgan, a ^ork trans- 
member of the School of Naval Architecture, in the Pa-latedin 
pers on Naval Architecture, was only known to English Papers 
ship-builders as Chapman's " large.work ;" a name acquired ^'^ ^i*'^ 
in consequence of a large folio of plates that accom-^j^^'*®*' 
panics the letter-press, which is in comparison not very 
voluminous. 

From this translation, and firom a paper on the same 
work by a Swedish naval engineer, Captain Carlsund, un- 
fortunately for the science of naval architecture, also dead, 
we shall give a synopsis of the system of construction at 
present adopted by the northern powers of Europe. 

Chapman commences his investigation by assuming a Criterion 
case, which he presumes may be taken as a criterion of thej'/.^l^c 4*^* 
qualities of ships. This case is an engagement hetween^^^^ 
hostile fleets. These he supposes to be ranged in lines pa^ ^ 
rallel to and within gimshot of each other, and also in such 
a direction with respect to the wind that they lie within 
six points of it, each succeeding ship sailing in the wake of 
the ship a-head, about fifty fathoms apart, in a stiff top-sail 
breeze, and under the three top-sails, top- gallant sails, fore- 
topmast stay-sail, jib, and driver. They are supposed, when 
under these circumstances, not to incline more than seven 
. degrees, and must be capable of fighting their leeward lower- 
deck guns with a heavy sea running ; be good sailers, and 
work well to windward ; so that although the ships may be of 
different sizes, and carry different weights of metal, yet, in 
equally high winds, and under similar sail, their angles of 
inclination being nearly the same, their guns may be worked 
with equal convenience, they may be all equally efficient in 
point of velocity, and under all circumstances manoeuvre 
with equal facility. Chapman then says, of two hostile 
fleets opposed to each other, the fleet which is composed 
of the stiffest and best-sailing ships is master of the attack, 
and can begin and end it at pleasure. But that, as the ope- 
rations of many such ships together, although of different 
sizes, should at once produce the same effect as if they con- 
stituted but one machine, it is necessary that they should 
keep in company, and be effective in proportion to their 
size. As they must sail equally well, the area of their sails 
must be proportional to the resistance they experience firom 
the water ; and as all the guns must be used and worked 
with like advantage, their inclination must be nearly the 
same, so that the form of the ships below the water wUl be 
in some degree adapted to the same area of sails ; hence it Ships and 
is found, that when a ship of the line is to be constructed, sails to be 
the body of the ship and the sails are to be considered asf^"**^^*"**** 
constituting the ship. Chapman points out the difficulties ^^* 
which oppose themselves to the designing bodies which are 
thus to act together, beyond those which present themselves 
in the case of designing ships intended to sail and act 
singly ; and he observes, that although all the rules of art 
may be attended to in the design of a ship, it may happen 
that she will not behave well, and this for the following 
reasons : If the sails are badly cut and made, so that the 
wind is prevented fi'om producing its full effect on them, by 
which not only the sailing close-hauled is injured, but also, 
the facility of working, and consequently of manceuvring, 
is diminished ; also, that the behaviour of a ship under sail 
may be very much deteriorated as regards her weatherly 
qualities, and her ease and quickness of working, if all the 
sails are not set advantageously, both in respect to the di- 
rection of the wind, and also of the ship's course. And, Trim of a 
again, it is absolutely necessary that great attention should thip. 
be paid to the trim of the ship, and to the adjustment of the 
positions of the masts, which have a great effect on a ship's 
qualities. Such, he says, are the reasons why it so firequent- 
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Chapman's ly happens, that a ship may in one voyage possess very bad, 
Parabolic ^uj Jq another very good qualities, or at one time be a very 
bad sailer, and at another a very good sailer. 

The natural inference from this is, that although the form 
of a ship should be that which is the best adapted for all 
tliat may be necessary to the service for which she is in- 
tended, it by no means follows that such a ship shall realize 
the intentions of her constructor, unless she be equipped 
and commanded by persons equal to the task of properly 
developing her qualities. 

He then proves that, by assuming the load displacements, 
' ^^^^. the crew and provisions as the expense, and the weight of 
iJ heavy * round of shot as the effect, that it is the greatest economy 
to have large ships and heavy metal. Repeating the ob- 
servation idready made, that all ships forming a line-of- 
battle, although of different sizes, must act as parts of the 
same machine, and must consequently have the same qua- 
lities, which cannot be effected if the ships be similar, it 
follows that the rules by which they are designed must be 
of such a nature that they shall be capable of giving similar 
qualities to dissimilar ships. 

He says the displacement is dependent wholly on the 
total weight of the armament, and then considers the va- 
peiidcnt on y\q^^ items making up the total displacement. It consists 
urmamenu ^^ ^j^^ weight of the armament, and of every thing connect- 
ed with it ; then the weight of the ballast, which is in pro- 
portion to the armament. Ballast, he says, is necessary for 
a ship of the line, in order to preserve its qualities at the 
end of a long voyage, when the greater part of the provi- 
sions and ammunition will have been consumed. Also, as 
these weights are so considerable that the ship may be 
lightened to such an extent that her centre of gravity may 
not only rise a foot higher above the water from this dimi- 
nished immersion than it was at the commencement of the 
cruise, but will rise so much the more from the influence 
this diminution of the weights in the hold will have in ele- 
vating its position, the stability is also necessarily diminish- 
ed. It is therefore proper, in order that this loss of stabi- 
lity may not be too great, to have such a quantity of bal- 
last that the remaining weight in the hold may not be too 
little in relation' to the constant weight above the water. 
And also, he says that the consideration that a ship neces- 
sarily liglitens A'om the consumption of stores, renders it 
necessary that all the calculations which relate to her sta- 
bility should be made in relation to a water-line, assumed 
as that which she would have after the expiration of about 
a quarter of the cruise ; and it should be from this water- 
line that the masts, &c should be determined. 

The next component of the displacement consists of the 
provisions, which are in proportion to the crew, and there- 
fore to the armament ; and, lastly, the ship, with her masts, 
yards, rigging, anchors, cables, fitting, &c. &c. 
Length and Having determined the displacement required for the ar- 
treadth. mament, the next considerations are the length and breadth. 
These have hitherto been determined by the number of 
ports, the space between them, and the space forward and 
aft ; but they should be determined from the displacement, 
for the product of the number of guns into their weight 
determines the displacement, therefore the displacement 
determines the length. If the length resulting from this 
be considered too great for the number of ports, it is be- 
cause the sum-total of the weights of tlie guns being given 
and constant, it follows that if each gun be of greater weight 
of metal, the number is smaller ; and if each gun be of less 
weight of metal, the number is larger ; but the length of 
the ship is nevertheless the same. 
B«fsi«t«nce. It appears that, from experiments made in Sweden in the 
yeiOr 1794, it was determined that tlie effect of the water 
on the aft^-end of a body, in opposing its progress, i£ a mi- 
nimum when the surface of the body makes an angle of 
13^ 17' with its middle line, and that consequently Chap- 



man designed the afler-bodies of his ships in accordance Chapman's 
with this result. ^i"^!^!" 

In order to form general rules, according to the exponen- ^_^^^. 
tial system, for deducing the length and the breadth firom General 
the displacement, he proceeded in the following manner, rule for 
The greatest breadth at the water-line for ail line-of-battle length and 
ships is called B ; and the length of the " construction breadth, 
water-line," which term will be afterwards explained, is 
called /. Then, he says, ** designs of two classes of ships 
composing the line-of-battle were constructed with great 
care, and the following table formed." 



Displacement, D.. 

Length,/ 

Breadth, B , 



110 



94 



152875 I 128297 

207*59 I 196-65 

56-27 53-32 



66 



88722 
175*48 
48-46 



In finding the length / from the displacement for all ships 
of the line, the ships of ninety-four and sixty-six guns have 
been used. Put therefore 128297 = D, and 88722 = 2>, 
also 196-65 = 1 and 175*48 = /, where it will be seen that 
the Roman characters are used for the larger ship, and the 
Italic for the smaller. Then from the foregou^ reason- 
ing the following proportion is deduced, that 
D^iZ^ril:/; hence 

_ log. l~log. / 



the exponent v = 



logTD — log. i> 



log. 196 65 — log. 175*48 
" log. 128297 — log. 88722 

196*65 2*2936940 128297 6-1082165 

175*48 2*2442276 88722.. 4-9480313 



0*0494664 



0-0494664 
= 0-3088 = V 



0-1601852 



0.1601852 

2*2936940 
5-1082165x0-3088=l-5774172 



0-7162768...6-2033 = theco-eflScient. 
2-2442276 
4-9480S18x0'3088=l-5279520... 5-2033 = the coefficient. 
Thus the length / = 5-2033 D0»8« is obtained for aU 
the line-of-battle ships. 

To find the breadth B from the length / for three-decked 
ships the same method is used. Thus, the exponent for 
. «. ,. log. 56-27 — log. 53-32 

110 and 94 gun ships, t, = ^ 207.59 - log. 196*65 
=: 0*9947 ; and as the co-efficient is found to be a divisor 
=: 3*5863, the breadth B for all three-decked ships of the 

/ 0-9947 

To find the breadth B from the length / for two-decked 
ships. The exponent v of ships of 94 and 66 guns, 

log. 53-32-log. 48-46 . and as the co-effi- 

log. 196*65 — log. 175-48 , miu « tuc i;u cm 

cient is a divisor = 1-5767, the breadth B for all two-deck- 

/ 0-8891 

ed ships of the line = l,^^Q7 > according to which the fol- 
lowing table is calculated. 



Displacement, D = 

Length, / =. 

Breadth, B » 


110 


94 


80 


74 


66 


62 


152875 

207-59 

56*27 

1 


128297 

196-65 

63*32 


107400 
18615 
50*92 


96422 
180-05 
49-51 


88722 

175*48 

48-46 


66753 
160*72 
4501 



Having explained the method of determining the prin- 
cipal dimensions, we shall refer for a description of the pa- 
rabolic system of construction to tlie paper we have already 
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Chapman's 

Parabolic 

System. 

\yhether 
sections of 
ships fol- 
low a ge- 
neral law. 



Cut re of 
sections. 



To con- 
struct the 
curve of 
sections. 



mentioned as having been written by a Swedish naval en- 
gineer, Captain, then Lieutenant Candund. It says, 

Chapman endeavom'ed to discover whether or not the 
areas of the several transverse sections in well- constructed 
ships followed any law ; and if so, to find that law. For 
this purpose he calculated the areas of the sections of se- 
veral ships ; and in order to make the numbers more conve* 
nient, he divided these areas by the breadth of the midship 
section ; then, at their respective stations on the .drawing, 
setting off from the water-line, distances equal to the quo- 
tients, he traced a curve representing the areas. This 
curve he called the curve of sections. He then endeavour- 
ed to find the equation to the curve, or rather that of ano- 
ther curve which would coincide with this for the greatest 
length ; and he found, that if the power and parameter of a 
parabola were so determined as to allow that curve to pass 
through three given points of the curve of sections, the two 
curves would nearly coincide. In the tore-body the three 
points were taken ; one forward, one at the midship section, 
and one midway between. In the after-body the points 
were similarly situated. In some ships the exponent to the 
curve was higher in the after-body than in the fore-body, 
in some it was the same for both. It was also found that 
there were ships in which the curve of sections almost ex- 
actly agreed with the parabola, and these ships invariably 
bore excellent characters. Chapman consequently con- 
cluded, that if the areas of the several sections of a ship 
were made to follow the law of the abscissas of a parabola, 
a vessel possessing good sailing qualities might be formed, 
and the process of construction much simplified. 

This account shows that the method is applicable to all 
sorts of constructions, as it only requires that the relative 
areas of the sections shall decrease from the midship sec- 
tion towards the extremities in ascertain relation, which 
can be varied to infinity ; it is therefore equally useful in 
constructing the sharpest man-of-war as the fullest mer- 
chant-man. 

Suppose a ship is found to answer well at some given 
water-line, AC (fig. 21). Let the areas of the transverse 

Fig. 21. 




7 Is 5 4 



vertical sections be divided by some constant quantity, as, 
for instance, the breadth ; and suppose the distances ab, 
cdt &c equal to the quotients, to be set off on the respec- 
tive sections firom the water-line; then a curve drawn 
through the points &, cf, &c. will be the curve of sections. 
It will be found to be convex to the water-line at the ex- 
tremities. 

The order of the parabola which coincides for the great- 
est distance with this line may easily be found. 
To find the Let the general equation to the parabola be expressed 
assiinilat- by y" z= oa? ; then it is always possible to determine n and 
o, so that the parabola shall pass through two points besides 
the vertex. Any two points between b and C may be taken, 
but it is evident that the farther apart the three points are 
taken, the longer will the parabola coincide with the line of 
sections. Of course, neither point may be in the convex 
part of the line of sections. It will be found that the point 
g at the foremost frame, and h in the middle between^ and 
by are the points which should be taken. 

Draw a tangent to the curve at the point 6, which will 
be parallel to Uie water-line ; tlien mh and ng are abscissas^ 
bin and bn ordinates to a parallel passing through 6, hj and 



in^ para- 
bola. 



g ; put mk = a/, «^ = «", bm = y', and bnz^^' ; then, sub-^^ftpni«n's 
stituting these values in the equation to the parabola, we P^^lx^^l « 

have ^1I^^ "IL- 

%/^ = aar', and y^ = aaf\ 
or n log. y = log. a 4- log. a/, and 
n log. y" = log, a -|- log. vT ; 

, loe. a/ — log. ar^ 

hence n = , ; — r^—j^ 

yn 



and log.a= ^og- ^ ' log> ^^ - Jog- ^^ ' 'og-y^ 



^og.y'— log.y^ 

We have now the values of n and a:, and by calculating 
several other abscissas, we can trace the parabolic curve. 
The same operation applied to the after-body will give 
the exponent and parameter of the parabola, which is the 
most similar to the curve of sections in that body. 

It generally happens that the exponents are nearly the 
same in both bodies, if the place of the midship section be 
determined in the manner to be shpwn in the sequeL 

It will be found that the parabola and the line of sections 
very nearly coincide, the former being sometimes a littie 
within the latter between g and A, and without at the fore- 
side of A, and sometimes, but much more seldom, the con- 
trary. The parabola always aits the water-line at a short 
distance from the rabbets, this distance being rather great- 
er forward than abaft. 

Several American ships of war have been submitted to This sys- 
this method of investigation, which was found to answer tem applied 
very well with their bodies. Indeed there can be no great **^ Ameri- 
deviation, as the parabola varies according to its exponent " ^ ^*' 
and parameter ; if the ship is full, a large exponent adapts 
it to that shape ; and if the ship is lean, a small one. If 
the body has a long straight of breadth, and sharpens quick- 
ly at the extremities, by deducting a part in midships from 
the comparison, the system may still be applied ; or if, as 
is the case generally with English merchant-ships, there is 
a very great draught of water in proportion to the breadth, 
by deducting a part from the water-line downwards, this 
method may be applied to the remainder. 

From this reasoning, it appears that ships may be con- 
structed to coincide exactly with the parabolic line, with- 
out deviating from the forms which experience has proved 
to be the most conducive to giving ships good qualities. 
Chapman stated that this would most probably be superior 
to the old system, and the result has confirmed his state- 
ment ; for ships of the line, frigates, and merchant-men have 
been constructed after it, all of which have been very fine 
vessels. 

From the manner in which the curve of sections is form- Displaoe- 
ed, it follows that its area multiplied by the breadth is equal ment. 
to the displacement, and that the centre of gravity of the 
area is in the same transverse section as the centre of gra- 
vity of the body ; but the area of this curve, supposing it 
to be a parabola of a certain power, is a known part of the 
rectangle formed by the greatest ordinate and the abscissa ; 
hence, by making ti)e areas of the sections decrease in the 
ratio of the abscissas in the parabola, we obtain certain 
equations between the quantities. To find these equa- 
tions, suppose the parabolic line, now also representing the 
line of sections, to be ACB {^%, 22), cutting the water- 
Fig. 22. 
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Chapman's line at 80me distance from both rabbets ; let C be the place 
Parabolic ^^f ^^ midship section, and DC the greatest abscissa. Put 
^^J™^ AB = / and DC =- rf, let the exponent of the parabola be- DC. This gives 
fore and abaft = ft, and the di^lacement = D ; then the 



known for a certain point B, through which the parabola Ch*P"»n« 
passes ;_the value of y for this point is DB, and of a: is g®"^* 



area of the parabolic line BDACB z= 
displacement . , hd' 



I' dy and the 



a = 



n+l 
B (B representing the breadth); 



n+l 

but dB = area of the midship section ; hence 



/• 



n+l 

{carea ofmidship section) zz J) (1). 

Midihip LetE be the middle point of the water-line AB, which 
fore'Sddle'^® may call the construction water-line, F the place of the 
o^^kngth. centre of gravity in point of length; let ED, the distance 
the midship section is before the middle of the water-line, 
=z kj and EF, the distance the centre of gravity is before 
the middle, =r a. We will now determine the place of the 
midship section in reference to the situation of the centre 
of gravity F. 

As BCD represents the displacement of the fore-body, 
and CD A that of the afier-body, the moments of these two 
parts will give the common moment. 

The centre of gravity of the parabolic area is at a dis- 
tance from the abscissa DC 



DB, 



•dbVdcb, 



= a . M X the ordinate 
zn + ^ 

and for the parabolic area DCA it 

= A±2da. 

2n -|- 4 
The moment of DCB from the point E 

- V + 2» + 4 
and the moment of DCA from the same point 

But the areas DCB and DCA are proportional to DB and 
DA, and the sum of the above moments = EF * BCA, or 
a * /, / representing the area ; hence 

= - 2T+1 (»A'-DB«) + * (DB + DA) 

= (DA + DB). (_^^.(DA-DB) + a) ; 
but D A — DB = 2A, and DA + DB = /; hence 

. 1 

a = A • -. 

ft + 2' 

or* = a-(ft + 2) (2). 

That is, if the midship section DC is placed at such a dis- 
tance k from, the middle point of the construction water- 
line, the centre of gravity will be in the point F assigned 
to it. 

These two equations (1 and 2) form the principal foun- 
dation of the parabolic method of construction. In the 
first equation, any quantity may be known by assigning 
values to the others ; and in the second, by fixing a value 
for the distance of the centre of gravity before the middle, 
the place of the midship section will be known. Then, 
having by the first equation found the exponent of the pa- 
rabola, any abscissa GH or KL may be calculated. Sup- 
pose, for instance, GH to be required ; .then in the first 
as«gned equation ^ = ckt, ft is known ; also y and x are 



DB» 
DC 



= (by cutting DB =/)-^... 



(S). 



Now GH is easily determined in the above equation, by 
assigning a value to CG ; if CG or any other ordinate is 
expressed by y', the corresponding abscissa GH = a/' is de- 
termined by the equation 

a 



•(*). 



This equation is sufficient for calculating the areas of all 
the sections for the fore-body ; and for those of the after- 
body we have the equation (3), in which, by substitut- 
ing / for DA, we get the value of the parameter cf of 
the parabola of the aflcr-body ; and substituting this value 
for a in equation (4), and giving to j/ any value CK, a 
corresponding abscissa LK is obtained. And in the same 
manner as many may be found as may be thought proper. 
It is evident that GH and LK must be subtracted from 
the largest ordinate DC, to give &H and K'L, which re- 
present the areas of the corresponding sections. 

This method of first calculating the abscissas, and then 
subtracting them, may appear indirect, as the true lines 
G'H and K'L could have been obtained at once by trans- 
forming the equation of the parabolic line to another, be- 
ginning at the point D ; but it would then have lost its 
simplicity, and tne calculations would not have been easier 
than by this method. One thing may, however, be done, 
which is to substitute the area of the midship section in- 
stead of its quotient by the breadth, by which the whole 
areas of the other sections will be obtained, instead of the 
lines which represent them. 

The principles of the parabolic method being now ex- 
plained, it will be easily seen how very useful its applica- 
tion is to the comparison of all ships, whether ^ey were 
constructed with or without reference to it. 

By referring to equation (1), we find that the displace- Exponent 
ment, area of midship section, and the construction water- <>ftiie line 
line, beinff known, the exponent of a parabola that coincides ®^'®^^"* 
most nearly with the line of sections is easily found ; and we 
shall have (putting M for the midship section) the value of 
D 



ft = 



ZM — D" 



.(a). 



This value of n shows the degree of fulness of the ship. 

The parabolic method may also be applied to show the 
relative fulness of the midship section, of any of the water- 
lines, of the displacement with respect to the water-line, 
and of several other elements. 

Let ABC (fig. 23) represent a midship section, and let Exponent 



EF be a tangent to itie curve 
at the point of contrary flex- 
ure C ; the small area ECD 
not being of any importance, 
may be neglected. If the 
mioship section is at all si- 
milar to those usually given 
to ships, a parabola may be 
assigned which shall pass 
through the points B and C, 
and have nearly the same 
area with the midship sec- 
tion, and also nearly coin- 
cide with the curve, so that 
the exponent will afford means 
of ascertaining its relative fulness. 



Fig. 23. 



of Diidafaip 
sectioiiu 
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Chaj^man's Call the breadth of the water-line AB = ^B, the depth 
^*^^*»« AE = h, and the area ABE z= JM, and let m be the ex- 
s^Jl^^ ponent of a parabola having the same area ; then 



Exponent 
of the mid- 
ship sec- 
tion. 



, iM M 

andm= . — = 



.(5). 



iBA — iM""BA — M" 
In the same manner, the exponent may be fomid for the 
water-line, by supposing a parabola with its vertex as the 
greatest breadth, and passing through the points in which 
the water-line cuts the midcUe line. Suppose the exponent 
of this parai^la = r, the length on the water-line = L, and, 
as before, the breadth = B ; also let the area of the water- 
line = W ; then 



Exponent 
of the wa- 
ter-section. 



W 



andr = 



BL — W 



(6). 



Exponent 
of thedis- 
plaoement. 



*+l 



Wh = D, 



and« = 



AW — D' 



.(7). 



By calculating these different exponents for ships already 
built, and which have been found to possess good qualities, 
a very correct idea of their shape will be obtained, which, 
in making new constructions, may be referred to ; and after 
a very short practice the constructor will be enabled to de- 
termine, not only the principal dimensions, but the outlines 
of ihe body, before a drawing is begun. 
Values of A collection of such calculations was begun by Chap- 
these seve- man, and has since his time been considerably augmented, 
nuexpo- y^Q jjjQ^ therefore know what the value of the exponents 
ought to be in the different classes of ships, for the services 
to which they are destined. It is always found that large 
ships are fuller than small ones, and in consequence have 
larger exponents ; and that merchant-men have larger ex- 
ponents tnan men-of-war of equal size. 

The exponent of the line of sections in the Swedish navy, 
in ships oi the line, varies from 2*5 to 2*7 ; of the midship 
section, from 5 to 3*8 ; of the water-line, from 6*6 to 5*9 ; 
and of the displacement, from 2*2 to 1 '8 ; of course the 
larger exponent belongs to the larger class of ships. 

In frigates, sloops, and brigs, they are smaller ; the ex- 
ponent crif the line of sections varies from 2*3 to 2*1 ; of the 
midship section, from 3 to 1*9 ; of the water-line, from 5*2 
to 3*25 i and of the displacement, from 1*6 to 1*25. These 
exponents show that small ships have much larger dimen- 
sions in proportion to their displacements than large ones. 
The aoove results were obtained from the displacements 
and breadths, not including the plank ; and the length is 
that of the construction water-line, which, in Swedish ships, 
is Ath less than the whole water-line between the rabbets, 
Aths of which deduction is made from forward, and -fifths 
from aft In finding the exponent for the water-line, its 
whole length between the rabbets is taken. 

These calculations are equally -applicable with the plank 
on as with it off; in the first-mentioned case, the sections 
near the extremities will have, relatively to the midship 
section, a larger area, and there will therefore be scarcely 
any hollow at the ends of the curves, and it will not be im- 
proper to take the length of the water-line the whole length 
between the rabbets. 



The following tables are given as an illustration of this Chapman s 
method, in its application to English ships. PapaboHc 

* or bystem. 



Nelson 

Bulwark... 
Endjmion 


Lenffth 

on the 

Water- 

Une. 


Breadth, 
extreme. 


Depth from 
the Water- 
line to the 
lower edge 
of the r2>. 
bet. 


DUplace- 
ment, in- 
cluding the 
Plank. 


Area of 
the Load 
Water- 

vection. 


Area of 
the Hid- 
•hip Sec- 
tion. 


Feet. 
203-3 
180-3 
157-0 


Feet. 
63-5 
490 
41-9 


Feet. 
23-6 
19*8 
IC-O 


Cub. Feet, 

166182 

105584 

65807 


Sq. Feet, 
10027 

770C 
6656 


Sq. Feet. 

1099 

791 

610 



Then firora the equations (a), (5), (6), and (7), the fol- 
lowing results may be obtained : — 



Lastly, suppose the areas of the several water-lines, from 
the loaci water-line downwards, to decrease in the propor- 
tion of the abscissas to a parabola; and let the exponent 
= Sj the depth from the water-line to the tangent of the 
midship section = A, the displacement = D, and the area 
of the water-line =: W ; then 



Nelson 


Value of fi, 

the Exponent 

of the Line 

of Sectiona. 


Value of m, | Value of r. 

of the Mid- of the Water- 
ship Sections. line. 


Value of «^ 

the Exponent 

oftheDia- 


2-836 
2-861 
2-300 


6-9447 
4-4141 
3-1796 


11-8034 
6-8273 
6-1235 


2-8445 
2-2538 
1-6088 


Bulwark 

£ndymion 



Application 
of the sys- 
tem to Eng^ 
lisb ships. 



From this table of exponents we may judge with cer- 
tainty of the shape of the vessels. The Nelson, for instance, 
has a very full midship section, and an exceedingly fiill 
water-line ; but she is not relatively so full towards the ex- 
tremities as the Bulwark, and her displacement is not re- 
latively much fuller than that of the bulwark. The Bul- 
wark has a small midship section, is full towards the ex- 
tremities, and has a very large water-section in proportion 
to her displacement. The Endymion is a very sharp ship 
of her class, has a small midship section, is rather clean to- 
wards the extremities, but her water-line is not very sharp ; 
its proportion to her displacement is very large. 

The four exponents which have been described will, se- 
parately, only show the degrees of fulness in one direction ; 
but they may be combined in such a manner as to express 
at the same time the longitudinal and transversal fulness ; 
to effect which the value of the area of the midship section 

= ; * BA must be substituted in equation (1), which 

m -f- 1 

gives 



•/•B-A = D. 



-W; 



r+l 



BL in 



n+l m+ I 

also, by substituting the value of W =: 

equation (7), we have 

— !^ • -^-L-B-AsD (c). 

r + I s+l ^ ^ 

In these equations the products ^ ^ • ^371 ' 7171 

show the Relative fulness of the different ships in compari- 
son to the circumscribing parallelopiped. When the con- 
struction water-line is equal to the whole water-line, as was 
supposed in calculating the foregoing table, 
n m r s 



s+l 



n+l tn + l T + 1 9+1 
By this equation any error in determining the exponents 
may be detected ; and also by using the whole equations 
(h) and (c), errors in the dimensions or exponents will be 
detected* 

By a method of interpolation, formulae of very easy ap- Methods of 
plication have been deduced; by which the depth of the interpola- 
centre 9f gravity of the displacement below the water-sec- g*^"***J" 
tion, the height of the metacentre, and several other essen- o"hc"ele- 
tial elements, may be approximated to without the usually ments. 
long calculations ; and Uius most of the qualities of a ship 
which are determinable by calculation may be ascertained, 
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Chapman's compared, and alterefi with very little trouble, before the 
Parabolic construction is begun. 

^Z^^ J^r ^° order to apply this method of construction to practice. 
Application nothing more is requisite than to know the limits between 
of the me- which the exponents generally are for the class of ships in 
thod to question, the proportion between the principal dimensions, 
practice, and the distance the centre of gravity should be before the 
middle of the load water-line. In Swedish ships of the line 
and frigates, the distance of the centre of gravity of the 
displacement before the middle of the load water-line is be- 
tween -Xth and Ath of the length, and in smaller vessels it 
is a little more, depending on the manner in which their 
stores and rigging are distributed. This distance being de- 
termined, the weight the ship is to carry, the weight of the 
hull, and the relative proportions of the different dimensions, 
or the value of the exponents, the calculations will give 
the areas of every section, leaving the constructor the power 
of giving them whatever form he may wish. 
Example of Captain Carlsund was employed in this country in build- 
its applica- ing steam-boats for the Swedish post-office service. He 
^°^* has given the calculations of one of these boats, which were 

all constructed on Chapman's parabolic system, as an ex- 
ample of its practical application. 

Suppose the ratio of the breadth to the length to be a, 
and that of the breadth to the depth to be jS ; by substitut- 
ing them in the equation (&), it will become 



and «i = 3-0 ; the proportion between ^e length and the Chapman *• 
breadth, or a, was taken = 5-25 ; and thar between the P*~»>oIic 
breadth and the depth, or ft = 032. By substituting this v,j[^^^^ 
value in the equation, we have 



B 



=v 



3900X3-12X4 
2-12X3X5-25X0-32 



= 16-58. 



it-l- 1 m+l 

The values of in and n are known, being assumed from 
former experience ; the displacement is determined by the 
weight of the engines, added to the weight of the stores, 
&c. and an approximation to the weight of the hull. By 
assigning values to a and j3, the value of B is obtained, and 
from that the values of the length and depth. The dimen- 
sions being now known, the scantling may be determined, 
and tbe true weight of the hull estimated ; which, if very 
different from the approximation which was used, will cause 
a corresponding alteration in the dimensions, &c. Witli a 
steam-boat the stability is of minor importance, therefore 
it is not necessary to refer to equation (c). 

The vessel in question was intended for two twenty-five 
horse-power engines, the weight of which, with the neces- 
sary stores, and the other articles, was estimated to be about 
2050 cubic feet of water, and the approximation which was 
at first made to the hull was 1850 cubic feet, whicli sup- 
posed the whole displacement to be 3900 feet. 

The vessel was intended to be sharp both at the midship 
section and at the extremities ; hence n was taken = 2-12, 



Length = 5-25 B = 87-04, 
Breadth = 0-32 B = 5-31. 
By calculating the weight of the hull according to these di- 
mensions, it was found that the approximation was too small 
by 175 cubic feet. By adding this quantity to the displace- 
ment, and retaining the other values, it wUl be^bund, from 
the above equation, that the 
Breadth = 16-822, 
Length = 5-25X16-882 = 88-315, 
Depth = 0-32X16-882= 5-383. 
The weight of the engine, its situation, and that of its centre 
of gravity, must determine the place of the centre of gravity 
of the vessel, which was found to be about 2-25 feet before 
the middle of the length on the construction water-line ; 
and consequently, from equation (2), the situation of the 
midship section was determined to be 9*27 feet before the 
middle of the construction water-line. 

The stations of the other sections were determined by 
tlie room and space. The parameters for the fore and afler 
bodies were first determined by substitution m the equation 
(3). In the fore-body 

/=|_* = ??|L5_9.27 = S4.887, 
and in the after-body 

/=i + * = 53-427. 
The area of the midship section, from equation (5), 



■BA = JX 16-822X5-383, 



m + i 

= 67-912 square feet, 
and the half area = 33-956. 
Hence, by equation (3), the parameter of the fore-body 

^^'"=54-895; 



"" 33-956 
and for the afler-body, 



0^ = 



53-427^ 



= 135-499. 



33956 

The calculations for the sections are contained in tlie 
following table. 



For the Fore-body, *^^g. 


FortheAfter.body,x«^/^.^^^. 


Sections. 


Abfldssa, or x. 


Half the Mid- 
ship Section, 

X, 


Sections. 


Abscissa, or x. 


Half the Mid- 
ship Section, 

X, 


Name. 


Distance from 

the Midship 

Sect or y. 


Name. 


Dbtance from 
the Midship 
Sect or y. 


End 

X 


Feet. 
34-89 
32-24 
30- 
24- 
18- 
12- 

6- 

0- 


Square Feet 

33-960 

28-730 

24-660 

15-360 

8-349 

3-535 

•813 

•0 


Square Feet. 

•0 

5-23 

9-30 

18-60 

25-611 

30-425 

33-147 

33-96 


End 


Feet 
53-43 
50-76 
48- 
42- 
36- 
30- 
24- 
18- 
12- 

6- 

0- 


Square Feet 

33-960 

30-460 

27-060 

20-390 

14-700 

9-990 

6-225 

3-382 

1-432 

•329 

-0 


Square Feet 
•0 

3-50 

6-90 
13-57 
19-26 
23-95 
27-735 
30-578 
32-528 
33-631 
33-96 


34 


u , 


32 


a 


28 


Y 

m 


24 


h 


20 


d 


16 


Midship section. 


12 


8 


4 


Midship section. 
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Timber. The areas of the sections being thus determined, the 
^— ■^''-'•^ construction of the draught was begun. The midship sec- 
tion, and one or two sections in eaqh body, being drawn in, 
and their areas ascertained to agree with the tables, one or 
two diagonals were got in, and the rest of the sections drawn, 
always keeping their areas precisely equal to those given 
by the teble. The direction of the' diagonals at the extre- 
mities determined the places of the rabbets of the stem and 
stem-post, and from these the length of the whole load 
water-line was found to be 0-44 feet longer than that of the 
construction water-line ; that is, 0*33 at the fore-end, and 
0*11 at the after-end ; consequently the length of the load 
water-line between the rabbets was equal to 88-755 feet. 

As, in a ship constructed according to this method, the 
situation of tlie centre of gravity with respect to the length, 
and also the displacement, are known correctly, during the 
progress of the work much tedious arithmetical calculation 
18 avoided ; and, after a very little practice, it will be found 
that the forms of the different sections may with great ease 
be drawn to contain the requisite areas ; consequently, by 
the general adoption of the method, an amazing saving a£ 
time and trouble would be effected. 

There can be no doubt that this parabolic system offers 
great advantages, especially to the student of naval archi- 
tecture, in the great facility with which it may be applied 
to institute comparisons between ships by means of the ex- 
ponents. The mere repetition of the digits which number 
the displacement of a ship, or the area of either of her sec- 
tions, will convey no idea of the form either of the body or 
of the section. Again, the ratio of the displacement, or of 
the area of the section, to that of the circumscribing pa- 
rallelopiped or rectangle, will convey a scarcely more de- 
finite idea of shape ; whereas the exponent of the displace- 
ment or of the section, presenting itself to us not only as 
an arithmetical measure of quantity, but referring us at the 
same time to a geometrical line, the mind becomes imme- 
diately almost as conscious of the peculiarities of the form 
of the body or of the section as if a drawing of either were 
present before the eye. A very slight attention to the com- 
parisons which have been drawn between the Nelson, Bul- 
wark, and £ndymion, by means of their exponents, will con- 
vince the reader of the advantage which the system posses- 
ses in this respect, and of the value in which an extensive 
digest of ships of various forms and qualities, calculated on 
this principle, would be held by naval architects. At the 
same time, it is quite evident that even the inventor, Chap- 
man, would not have recommended the parabolic system 
as a total substitute for the more rigorous applications of 
science, but only as accessory to them. Also, the parabola 
affords facilities for variations in form, which may be almost 
said to leave the architect at perfect liberty in his design. 

General ObservoHoru on the Physiologic of Umber. 

As we cannot, in the space allotted to this article, enter into 
a particular examination of the nature and qualities of the 
d^erent varieties of timber used in building a ship, we must 
confine ourselves to such observations on the physiology of 
timber in general, as may be of practical application. 

Timber, when forming a component part of the structure 

of a ship, is subjected to many deteriorating influences that 

Durability ^^^ "^ analogies in other combinations of wood- work. Al- 

of the royal though particular instances may be quoted of ships which 

navy. have resisted decay for long periods, the average durability 

of the royal navy is reported not to exceed fifteen years. 

This we consider now an unfavourable statement; but, in the 

wear, tear, and neglect incidental to the constant services 

Of themer»of war, even this average roust be considerably lowered. The 

cantile na- duration of the mercantile navy is stated at a higher aver- 

^y- age ; but it must be remembered that the merchant-ship is 

not necessarily maintained in such perfect repair as the ship 

of war i and also, that the system of insurance enables both 



merchant and shipowner to freight and to sal) ships, of which Timber. 
Lloyd's books record a most fearful and a most astounding ^"^^^r^^^ 
tale ; a tale which proves, that the longer average durabi- 
lity of the mercantile navy is in part purchased at a most 
sinfiil expenditure of human life ; an expenditure which no 
amount of insurance can compensate. 

The occasional instances of lengthened durability in some Oceaaional 
ships of the royal navy tend to prove, that it may be pos-^^"^f»<'f 
sible much to increase the average, by insuring a combi- *" ^^* 
nation of the same causes whidi, perhaps accidentally in 
these cases, produced this effect That this is a most im- 
portant consideration is evident ; for if we knew how to in- 
sure to our ships the durability recorded of the Montague, 
we should diminish the expense of our navy by one half; 
while if we could insure to them that recorded of the Royal 
William, we should diminish the expense to one sixth I 

The deterioration and decay of ships may be advantage- Clasiifica- 
ously considered under several distinct heads. One may in-*^°" J^ J^®' 
dude the decay to which timber is subject, in common with^ *""* 
all organized matter, and which may be either hastened or 
retarded, according as destructive or preservative mfluences 
prevail ; another may include the variety of decay to which 
the name of " dry rot" has been applied ; and another may 
include that decay which appears to be not only prematurely, 
but unnaturally induced, dependent on the injudicious com- 
bination of destructive agents with the inorganical com- 
pounds of the timber. 

That large masses of timber in combination should be 
more subject to the deteriorating influences which tend to 
accelerate decay, is what we may be led to expect firom 
analogy. All organization of which we have any knowledge, 
becomes eventually decomposed by the chemical action 
which takes place in its constituents. During the life and 
health of a plant, the various components acting under the 
influence of their common vitality, perform their several 
functions in accordance to the end of^ their original combi- 
nation ; but with the cessation of life that influence ceases, 
and the constituents of the organized structure assert their 
individual existence, and resume their original affinities. 
Some separate, some form new compounds, and others which 
the vital principle had retained in harmless combination 
now act energetically and destructively on each other ;. while 
the original mass, under the influence of these several 
causes, gradually deteriorates, and is eventually decomposed. \p 
This result may be accelerated or retarded by the presence becay may 
or absence of those circumstances which are favourable or be acceie- 
un&vourable to it. Temperature, moisture, the vicinity or ''*^^£^<^' 
remoteness of agents either destructive or preservative, all ''^**"l^"* 
have great influence in promoting or retarding decomposi- 
tion, principally in as far as they promote or retard the fer- 
mentative process, which appears to be the preliminary step 
towards the rapid decomposition of vegetable matter. A peteriorat. 
certain degree of moisture is necessary to induce this fer-i^^i^^"- 
mentation ; but when the other circumstances that are fa-^"^^^' 
vourable to the process exist, this moisture is always to be 
found even in the best-seasoned timber, in which, on the 
authority of Count Rumford, there still remains one fourth 
of its weight of water. This will be readily understood when 
it is remembered, that a very large portion of moisture is al- 
ways contained in the atmosphere, to the influence of which 
the timber has been exposed. Wliile moisture to a certain 
extent appears essential, a continued immersion, or perfect 
saturation, is inimical to this vegetable fermentation. Again, Pretcrva- 
a moderate temperature, not so low as to induce congelation, ^i^® ^^^^' 
nor so high as to cause evaporation of the moisture, appears ^"^'' 
to be favourable to it The unavoidable dampness of the 
atmosphere in ships, and the difficulty of maintaining a free 
circulation of air, contribute much to the process of fermen- 
tation, and consequently to the destruction of the original 
structure of the fermenting mass, by the distribution of its 
several constituents, and its consequent decomposition. 
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The difficulty of maintaining a circulation of pure air in 
thode portions of the vessel below the surface of the wa- 
ter might be removed by adapting the openings between 
the timbers of the frame to this purpose. Pure air might 
by their means be easily supplied to the lower part of the 
" between decks," or even to the hold, through pipes ; and 
the foul, heated, and therefore rarefied air, would rush from 
the upper part of the between decks, or of the hold, through 
a second series of pipes. The writer of this article proposed 
a plan for effecting this to the Admiralty, on his return from 
a cruise in the experimental squadron of 1827. The same 
principle is adopted now, very generally, to ventilate ma- 
nufactories and other large and closely-peopled buildings. 
The most active agent in the work of the decomposition 
of timber is the oxygen which it contains, whether this de- 
composition be rapidly induced by fermentation, or is more 
slowly and gradually taking place under the influence of the 
law which renders decay the necessary consequence of or« 
ganization. The oxygen, which, during the vitality of the 
plant, was held in harmless combination, is set free, and im- 
mediately begins to act upon the woody fibre of the felled 
timber, and induces a slow combustion, the effect of which 
is the evolution of carbonic acid gas, and the carbonization 
of the wood, by which the tenacity and adhesiveness of its 
several parts are gradually destroyed. < Timber, therefore, 
comniences begins to deteriorate and to decay from the moment of its 
with the being felled ; and indeed a gradual diminution of its strength 
the tunber "^^ ^ observed during the process of its seasoning, which 
' only ends with its total decomposition. The hastening the 
seasoning process is, however, advantageous, by depriving 
the timber of the superabundant moisture, and of the juices, 
which might otherwise induce an unduly rapid decomposi- 
tion. 

The decay of timber has been frequently classed under 
two heads, natural decay, and decay from dry rot. Proba- 
bly there is not such a marked distinction between these 
two decomposing principles as might be imagined. Very 
tivecharac frequently the decomposition of timber is attended with the 
teriBtic. apparently spontaneous vegetation of parasitical fungi ; and, 
according to common acceptation, that species of decay 
which is accompanied by the vegetation of these fungi has 
Derivation received the appellation of dry rot. The term was applied 
to it in consequence, probably, of the peculiarity attending 
it, that the decomposed wood had become a dry friable mass 
without fibrous tenacity. Whether the seeds of these plants 
are lying dormant in the juices of the timber while in a 
state of life and health, and the vegetative principle in them 
becomes active only when decomposition has furnished them 
a nidus, or whether they are floating in the atmosphere, 
and vegetate whenever favourably placed, is a point not yet 
established. However this may be, as in general this pe- 
culiar decay may be traced to imperfectly seasoned mate- 
thiB decay. ^^^ ^^ consider it may fairly be supposed that the seeds 
of the fungi are contained in a fit state for vegetation in the 
juices of such timber ; and although it sometimes occurs and 
spreads among seasoned timber, it appears previously neces- 
sary that damp should have renewed and revived the vege- 
tating principle in the seeds, and fermentation and decom- 
position have provided them a nidus. They then flourish and 
acquire strength on the sustenance which they draw from 
the decomposed wood ; and in the same manner, and with 
a similar deteriorating effect as the parasitical plants which 
sometimes vegetate on the living tree, these destroy the 
dead timber, by abstracting all but the earthy particles, 
which are lefl without fibrous texture. 

Dryness, cleanliness, a free circulation of air, or the en- 
tire exclusion of it, appear to be the best preservatives 
against, or checks to, vegetable decomposition ; while damp 
accumulations, and a vitiated atmosphere, rapidly induce it. 
Tendency If the foregoing statement of the principles on which the 
of decay to decomposition of timber depends be correct, it is evident 
increaae. 
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that its tendency is progressive, BJad that the decay must Timber, 
rapidly spread, from the accumulation of the deteriorating ^'"— "V"*-' 
influences. It is also evident that the only means to check 
undue decay is by a removal of the inciting causes; and 
that the only means to prevent it, is to guard against those 
circumstances which are most liable to induce it, and to 
avoid the use of those materials in which it is most easily 
mduced. 

Unseasoned timber should never be used, and even the Precau- 
most seasoned timber should only be used when in a dry Nonary 
state. When kilning plank was fiifet adopted, now up-™***"*"^^ 
wards of a century ago, the planks, after being set to the 
form of the body, were taken off to dry ; this, however, was 
unnecessary, kilned plank drying almost at the mouth of 
the kiln. All decayed and all diseased portions of the wood 
should be carefully removed, and also the whole of the sap 
or imperfect wood, which, from being more sofl and spongy 
in texture than the spine, absorbs moisture more easily, and, 
being also more filled with the vegetating principle and the 
vegetable juices, is more liable to fermentation, and conse- 
quently to decomposition, and to the growth of the fungi. 

We shall now consider the premature decay of timber Influence 
induced by the substances which are used in connection ^^f^®*^'^"^- 
with it Of these the iron for fastenings has by far the^^' 
most injurious influence. This is probably owing to the 
great affinity which exists between that metal and oxygen, iron &». 
so that each fastening becomes an absorbent of oxygen, tenings. 
either from the atmosphere or from the wood which sur- 
rounds it, and which is again supplied from the atmosphere. 
The surface that is first subjected to this change is con- 
verted into the brown oxyde of iron, which may be termed 
a supersaturated oxyde, and parts with its superabundance 
of oxygen to the lamina of pure iron immediately beneath 
it, while the surface absorbs a fresh store of oxygen from the 
wood ; and thus the process of oxidation goes on through Oauae of 
successive laminae of the iron, until the whole of its metallic their de- 
nature is changed, and its utility as a fastening is destroy- ^^^^* 
ed, while it becomes a reservoir of oxygen, which acts 
evidently on the woody fibre around it, and, by carbonizing 
it, rapidly and effectually destroys its tenacity. 

In this view of the action of iron in accelerating the de- ConsHtu- 
composition of timber, we may trace the reason why its enta of oak- 
effect varies so much in different woods. Mackonochie, in '™*^* 
his admirable Prospectus, says that oak is found to contain 
a much smaller proportion of oily or resinous particles than 
many other kincls of wood ; and that, besides the lignic acid 
which it has in common with them, it contains an acid pe- 
culiar to itself, called the gallic acid, and that, therefore, 
the quantity of oxygen in oak is very considerable ; that, 
on the contrary, in teak it is much less, while in this wood Of teak* 
the resinous particles are so abundant as. to have procured 
the teak-tree a place amongst the terebmthinous plants. 
He argues, that the iron, which cannot easily be protected 
before being applied as a fastening, acquires a protecting 
covering from the oily or resinous juices of the wood, 
pressed from the abraded vessels in the action of driving. 
This coating, which cuts off its influence on the oxygen. Effect, of 
will be more or less perfect, in proportion to the quantities iron on 
of the protecting substances contained in the wood. He^^}^^ 
states, on the authority of the experience of the shipping jfJ^JJ^^"^ 
built in India, and used in the India trade, that the average fore may 
duration of an iron-fastened teak ship is thirty years ; and be used in 
consequently he argues that it is a misapplication of ex- teak, 
pense to use copper fastening with teak, as the additional 
advantage gained is not at all ^commensurate with the ad- 
ditional expense. But with oak the circumstances are dif- Action of 
ferent ; the action of oak on copper is not near so destruc- ^^PP®*" o" 
tive of its metallic structure as it is on iron ; and, on the^"^^ 
other hand, the re-action of the metal on the wood is not 
so destructive of its ligneous fibre. The oxyde of copper, 
which forms almost immediately on its coming in connection 
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Timber, with the wood, is not a supersaturated oxyde, but the por- 
tion of oxygen it has absorbed is held in strong combina- 
tion; and, conseauently, instead of the process of oxidation 
continuing from lamina to lamina, as has been described to 
be the case in iron, the sur^e oxidation becomes a natural 
protection of tlie copper from the action of the wood, and 
of the wood from the action of the copper, equivalent to the 
resinous or oily coating which supervenes in the case of iron 
driven into teak. 

With this view of the process of decomposition in timber, 
we have an insight into the ratUmale of the various means 
t™^^^^ proposed for its preservation. Several writers on timber 
Mackol "*^® more or less urged the foregoing principle. Macko- 
nochie, in his Prospectus, has adopted this theory; and 
though his reasoning on the causes of decomposition is not 
given with his usual perspicuity, his deductions as to the 
means of prevention are perfectly free from this objection. 
He recommends, that whatever iron is used for fastening, 
a protecting coat of paint or some other substance should 
be interposed between the iron and the wood, to cut off, as 
far as possible, the connection between the metal and the 
woody fibre. 

He also recommends that, in seasoning timber, care should 
be taken to expose it to the light, which will have great in- 
fluence in making it give out its oxygen. But as it must 
re-absorb oxygen in the night, and will at least be supplied 
with it from the atmosphere, the only effectual means is 
at once to expel it, and fill up its space with some other 
Saturation substance; for which purpose, he says, " oil presents itself 
— **• -^ ^ jjjg fittest, its use in defending timber firom the action of 
the weather having been long acknowledged and practised." 
He recommends the following process as an easy means of 
impregnating the timber with this or any other similar sub- 
stance. The wood is to be placed in a steam-tight cham- 
ber, and subjected to the action of steam, by which the air 
and gases will be expelled both from the chamber and the 
timber. Then, by condensing the steam, and repeating the 
process until the whole of the elastic fluids are withdrawn 
from the wood, and the non-elastic converted into vapour, 
the wood becomes fireed from them, and if plunged into 
oil, and subjected to the atmospheric pressure, the whole 
interior c^ the wood will be filled with the oil. Macko- 
nochie asserts that he then has (6th August 1803) in daily 
use a steam-chamber on the above principle, capable of con- 
taining firom twenty to thirty planks forty feet long, or a 
proportionate quantity of timber, in which, while the planks 
are steaming to render them flexible, they are impregnated 
Oil maj be with teak oil. He says tlie oil may easily be procured firom 
procured ^^ chips and saw-dust used for the fuel of the steam-boil- 
ers ; for it has been ascertained that Malabar teak conUuns 
such a quantity of oleaginous or terebinthinous matter, that 
the chips from the timber and plank of a ship built of it will 
yield, by a proper process, a sufficient quantity of tar for all 
its own purposes, including the rigging ; and that although 
oak- timber does not contain so much of these substances, 
the chips of the fir consumed in the royal navy would be 
more than sufficient to supply tar to saturate the oak. ' 

There have been numerous proposals to impregnate tim- 
ber, in a greater or less degree, with foreign substances. 
By M. Pal- In 1779 a proposal was made by a M. Pallas to mineralize 
las, to mi- timber by steeping it to saturation in a solution of green 
lie ue I yi^yj^i^ ^mj l^gjj precipitating the green vitriol by means 
Mr Bill, to of lime-water. A gentleman of the name of Bill, about the 
year 1822, produced some samples of timber of large scant- 
ling, impregnated throughout their substance, apparently, 
with asphaltum. The samples thus prepared were subjected 
to a trial of five years' duration in Uie dry-rot pit at Wool- 
wich ; and we have it on the authority of Mr Knowles, the 
able secretary to the late committee of surveyors of the 
navy, that they perfectly withstood the " fungus rot," while 
numerous unprepared specimens were destroyed in one fifUi 
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of the above time. Sir John Barrow, whose long expe- Timber, 
rience and acknowledged talent render his opinions on all^'^'^v^*^ 
naval matters extremely valuable, recommends the kreosote 
firom the distillation of tar, which, in the shape of a gas, 
will, he says, penetrate every part of the largest logs, " and 
render the wood almost as hard as iron, so hard as not easily 
to be worked." Another plan, that proposed by Mr Kyan, Mr Kyan, 
is to soak timber in a solution of corrosive sublimate. This, ^^ ^^P' 
on*the principle advocated in this article, would be effcc-^^ 
tive in all cases where the saturation was complete and per- 
manent. Where the implication is only of the nature of a 
surface application, there does not appear to be any reason 
why the corrosive sublimate should preserve the interior of 
the timber, or have more effect on that part than any other 
surface applications, excepting that it would more certainly 
destroy any vegetative principle which might exist in that 
portion near the surface to which it could penetrate. 

The rationale of Mr Kyan's process may be best under- Mr Kyan'* 
stood by the following quotation from a lecture by DrP^ocew. 
Birkbeck. '< Aware of me established affinity of corro- 
sive sublimate for this material (albumen), he applied that 
substance to solutions of vegetable matter, both acetous 
and saccharine, on which he was then operating, and in 
which albumen was a constituent, with a view to preserve 
them in a quiescent and incorruptible state ; and obtaining 
a confirmation of his opinions by the fact, that during a pe- 
riod of three years, the acetous solution openly exposecl to 
atmospheric air had not become putrid, nor had the sac- 
charine decoction yielded to the vinous or acetous stages 
of fermentation, but were in a high state of preserva- 
tion, he concluded that corrosive sublimate, by combina- 
tion with albumen, was a protection against die natural 
changes of vegetable matter.... He conceived, therefore, if 
albumen made a part of wood, the latter would be protect- 
ed by converting that albumen into a compound of pro- 
tochloride of mercury and albumen ; and he proceeded to 
immerse pieces of wood in this solution, and obtained the 
same result as that which he had ascertained with regard 
to the vegetable decoctions." The writer of this article 
has seen most conclusive experiments as to the beneficial 
effect of " Kyanization," especially on the softer woods. 

Innumerable nostrums have been recommended as sur"> Number- 
face applications for preventing the deca^ of timber, less nos- 
Knowles, in his work on the Preservation of the Navy, *"""" '**J* 
gives a list of twenty-nine, besides many others the com-^^j*"** 
ponents of which were kept secret by their projectors. 
There does not appear to be sufficient evidence to prove 
the decided advantage of any of these applications; on the 
contrary, unless the timber to which they are applied should 
be thoroughly seasoned, all coatings on it which prevent the 
progress of the seasoning process, and confine the vegetable 
juices, have been proved to be injurious. If timber be 
already well seasoned, the principal preventives to decay 
appear to be ventilation ana the exclusion of damp ; and 
with unseasoned timber the same means will accelerate 
the process of seasoning. Those means of preventing de- 
cay by saturation with some chemical agent, and thus al- 
tering the nature of the timber by a chemicfd action on its 
constituents, appear to be the most likely to produce de- 
cided results. The physician-general of the navy. Sir Wil- Sir William 
liam Burnett, finding that the precipitate caused by the Burnett, 
kyanization was soluble in salt water, has lately substituted 
for that process saturation with the chloride of zinc ; the 
precipitate which this forms with the albumen being un- 
affected by the action of the salt water. The beneficial 
effect of this chloride is very decided, in those specimens 
which the writer has had an opportunity of examining. 

There has been much controversy as to the proper season Time for 
for felling timber, into which we cannot devote space to falling tim- 
enter. The ajcgument appears to be in favour of the greater ***'• 
durability ofwniter-fellea timber. In fact, the controversy 
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Laying Off. appears more to have arigen from a desire to prove that 

^■^v**^ spring-felled timber was not unequal to winter-&lled, than 

for the purpose of eliciting truth ; the bark being more 

easily detacned and more valuable from off a spring-felled 

than from off a winter-felled tree. 

Ixtying Off. 

General observaHons and dSg^nt^iofw^-^Laying off is deli- 
neating the form of a ship according to iu actual dimen- 
sions, in order to supply the workmen with the exact shape 
and proper positions of the principal pieces of timber which 
compose the structure. If the floor be sufficiently spacious, 
the ship may be laid off in one length ; if otherwise, the 
operation must be performed in two or more lengths, ac- 
cording to circumstances. 

The principal plans of a ship are the sheer, body, and 
half-breadth plans. 
Sheer plan. 1<^ The sheer plan is a projection on a vertical longitu- 
dinal plane, dividing a ship into two equal parts, rlate 
CCCCL. fig. 24. 
Body plan. 2d^ The body plan is a projection, on an athwartship 
plane, of transverse vertical sections of the ship, which sec- 
tions are square to the keel. Fig. 25. 
Half- 3d^ The half-breadth plan is a projection, on a horizontal 

breadth plane, of various sections of the ship. Fig. 26. 
p an« jij^ principal lines employed, as well in the construc- 

tion of a draught, as in laying off a ship, are water-lines, 
level lines, diagonal lines, and buttock and bow lines. 
Water-lines. 1*^ Water-lines, in the sheer plan, are straight lines drawn 
parallel to the sur&ce of the water. In the half-breadth 
plan, the water-lines show the boundaries of the sections 
of the ship, at the corresponding heights in the sheer and 
body plans. Figs. 24, 25, 26. 
Level lines. 2d, Level lines are similar to water-lines, except that 
they are drawn parallel to the keel instead of to the water. 
To avoid confusion, the level lines are omitted in the sheer 
draught, but they are drawn in Plates CCCCLI. and 
CCCCLII. 
Diagonal 3c^ Diagonal lines show the boundaries of various sec- 
lines, tions formed by planes which are oblique to the vertical 
longitudinal plane, and which intersect that plane in straight 
lines parallel to the keel. Plate CCCCL. figs. 25 and 26. 
Buttock 4M, Buttock and bow lines are the bounoUiries of verti- 
and bow ^ sections of the ship, parallel to tlie vertical longitudinal 
**"®'- phme. See B. L., ^^ 24, 25, 26. 
Main- The main-breadth line is the boundary of the widest part 
breadth of the ship in each of the three plans. Plate CCCCL. 
\^^\ The top-breadth or. top-timber line, in the sheer plan, is 
breadth and ^ line drawn to the sheer of the ship, fore and aft, at tiie 
top-side height of the under side of the gunwale amidships ; and the 
lines. top-side line is a sheer line drawn above the top-timber line, 
at the extreme hei^t of the side of the ship. Plate CCCCL. 
Cutting- The cutting-down line is a curve in the sheer plan which 
down line, corresponds to the upper surface ci the throats of the floors 
amidships, and to the under side of the keelson. Plate 
CCCCL. 
Fore and Fore and afler bodies. These combined constitute the 
afterbodies, whole of the ship. They are supposed to be separated by 
an imaginary athwartship section, at the widest part of the 
ship, called the midship section, or dead-flat. 
D^ndsbip Midship body, as sometimes used, ap]^ies to an indefi- 
body. nite length of the middle part of the lensth of a ship, in- 
cluding a portion of the fore and afler bodies. 
fi and ^^^^^ <^<^ ^^'^^ bodies may be considered as subdivi- 
oanTbodies. s><iQS of the fore and after bodies. There is a square fore- 
body, a square afler-body, a cant fore-body, and a cant 
afier-body. . La the square body the sides of the timbers 
. «re athwartship vertical ^anes, whereas in the cant body 
the sides of the timbers, although vertical, are not athwart- 
•hlp planes. 



Moulding and Siding. These tet^^ $te nearly synony- LayingOfl*. 
mous with tiiickness and breadth ; ob^^Mng ehat the mould- ^***v7*^ 
ingof a piece is the dimension of the side on which the mould ^J^^^'j^^ 
is applied for determining its shape or curvature. For in- *** ** '°^' 
stance, the moulding of a beam is its depth or thickness ; 
its siding is its fore and aft dimension, or breadth. 

Room and space is a certain distance determined by the Boom and 
siding of two adjacent timbers, together with the openings >P*ce* 
between them ; or it is the distance apart of the joints of the 
frame, as from A to B in the disposition of Uie timbers, or 
one half the distance apart of tiie stations B, D, F, &c. in 
the sheer pkn. Plate CCCCL. fig. 24. 

Shift. This, in its general sense, refers to a certain ar- Shift 
rangement among the component parts of a ship. Thus 
we speak of a shift of plank, a shifl of dead-wood, meaning 
thereby the disposition of the buts of the timber or planl^ 
both with respect to strength and economy. In a more li- 
mited sense, " shift" means the distance apart of two neigh- 
bouring buts or scarphs. 

The bevelling of a timber is the angle contained be- Bevellings. 
tween two of its adjacent sides. Bevellings are either 
acute angles, right angles, or obtuse angles. These three 
separate cases are denominated under bevellings, square, 
and standing bevellings. 

Sirmarks are certain stations marked on the moulds of Sinnarks. 
the timbers at which the bevellings are applied. These 
sirmarks are denoted in tiie body plan by me various dia- 
gonals. 

DescrwHon <f the draughiy eansisHfiff of the sheer ^ body, 
and half-breadth plans. — The principal dimensions of a 
ship are length, breadth, and depth. Connected with and 
dependent on these three dimensions, are three plans, 
named the ^eer, half-breadth, and body plans. These 
t;ombined constitute what is termed the draught of a ship. 
We purpose to describe them separately. Plate CCCCL. 

l#f. The sheer plan or elevation (fig. 24) is the represen- Sheer plan, 
tation of an imaginary longitudinal section, dividing the 
ship into two eoual parts, by a vertical plane passing through 
the middle of the keel, stem, and stem-post. This section 
is bounded by the fore part of the knee of the head, under 
side of the keel or false keel, aft side of the rudder, rake 
of the stern, and the sheer of the upper part of the top-side. 

Besides tiiis plan being a section of the ship amidships, 
showing the sheer of the decks, cutting-down line, stations 
of the masts, &c., on it are also projected, in lines perpen- 
dicular to the aforesaid longitudinal section, the ports, cat- 
head, head-rails, side counter-timber, quarter-gallery, main- 
breadth line, channels, dead-eyes, &c. From all this we 
see that the chief use of the sheer plan is to obtain heights 
and lengths ; heights measured from the upper edge of the 
rabbet of the keel, and lengths measured from the after or 
the fore perpendicular. These perpendiculars, which define Perpendi- 
the length of the ship, are drawn in most ships of war at^*"* 
the enda of the lower or gun deck ; the foremost perpen- 
dicular at the aft side of the rabbet of the stem, the after- 
most at the foreside of the rabbet of the stern-post 

Occasionally the interior fittings and accommodations 
are shown on the sheer plan, as the beams, magazines, 
store-rooms, well, pumps, capstans, cabins, and other mi- 
nutiae ; but as these produce confiision by multiplying lines, 
it is usual to represent the interior economy of the ship on 
a separate plan, called the ** profile," or plan of the inboard Profile, 
works. 

2rf, The half-breadth plan (fig. 26) principally shows Half- 
the form of the ship, Ist, when cut by water-lines ; 2dy by *>J®^*h 
level lines ; and, Sd, by diagonal lines. As before observed, ^ "* 
the planes of these diagonal sections intersect the longitu- 
dinal plane of the ship, in straight lines parallel to the keeL 
Besides the above, the form of the decks, msdn-breadth 
and top-breadth lines, may be also delineated on the half- 
breadth plan ; together with the projection of the planes of 
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LtayingOft the fore snd after cant thnberBy which will be more portica- 
"'"^'V'^^ larly expluDed in the sequel. 

Body plan. Sd, The body plan (fig. 25) is simply a representation of 
vertical transverse sections, before, at, and abaft the widest 
transverse section, which is termed << dead flat,' and usuidly 
denoted by the symbol 0. 

The sections in the body plan in the ibre-body are dis- 
tinguished by letters, A, B, C, &C., those in the after-body by 
figures, 1, 2, S, &&, corresponding with the same letters and 
figures in the sheer and half-br^th plans. It must be un- 
derstood, that the sections in the body on the right of the 
middle line represent the starboard fore-body, whilst those 
on the left of the middle line represent the larboard after- 
body, of the ship. 

It is thus seen, that from the aforesaid three plans we 
may derive correct ideas of the form of a ship, which form 
is obtained 

["by vertical fore and aft sections 
parallel to the vertiqal longitti- 



From the sheer plan, 



From the body plan, 



f 



dinal plane, as seen by the but- 
tock and bow lines ; 

by athwartship vertical sections, 
square to the keel, and at right 
angles to the vertical longitudi- 
nal plane; 

l^ by water-lines, or by planes 
parallel to the water; 2<i by level 
lines, or by planes parallel to the 
keel; Sd, by diagonal lines, or 
by planes inclined at any angle 
to the horizon. 
The reader will also perceive from the preceding remarks, 
that 



From the half-breadth 
plan, 



The sheer plan 
The body plan 
The half-breadth 
plan 




Profile. 

Diiposi- 
tion. 

Midship 
sectioiL 



vertical longitudinal plane ; 
vertical athwartship plane ; 
horizontal plane. 

As before remarked, the three above-described plans con- 
stitute the draught of a ship. We shall presently see their 
mutual dependence on eadi other, so that any two being 
given, the third may be obtained. 

Besides the sheer draught, it is customary to furnish the 
architect with a profile of the inboard works before ex« 
plained ; the '< di^sition,'' or the appearance of the tim- 
bers which constitute the frame, showing the heads and 
heels, and general arrangement of the futtocks ; the mid- 
ship section, on which is described the moulding, or athwart- 
ship size of the timbers, the thickness of the exterior and 
interior planking, the connection of the beams to the side, 
the dimensions of the water-ways, shelF-pieces, the descrip- 
Scheme of tion and fastening of the knees, &c These, together with 
•cantlings. a scheme of scantlings, which is a document containing the 
dimensions, and other particulars, of the principal pieces 
which enter into the construction of the fabric, constitute 
* all the preparatory information required by the builder. 
Afler these general observation^, we shall now enter more 
in detail into tiie description of the draught of a ship ; but 
as laying ofi^ and practical building are so intimately con- 
nected, that a perfect knowledge ojf the one cannot be at- 
tained without some acquaintance with the other, it becomes 
previously necessary to describe, in general terms, the me- 
thod in which the timbers of a ship are combined and dis- 
posed, both in the square and cant bodies. 

This constitutes another division of our subject. 
Frame of a The timbers of a ship are combined together in assem- 
•hip. blages which are technically called *^ frames ;" these are put 

together in a certain predetermined order, depending on a 
variety of circumstances, as the size and form of the ship to 
be built, the nature and dimensions of the timber to be used, 
the skill and judgment of the architect employed. We will 
auppose each frame to consist of a floor crossing the dead- 



wood, a first fiittock stepping against the dead-wood, a second Laying Off* 
futtock on the head of the floor, a third fiittock on the head of "-^-v-*-^ 
the first futtock, a fourth futtock on the head of the second ^^^ '7*- 
futtock, and, lastly, a top-timber on the head of the third ^' 
fiittock. The above arrangement accords with the old S3rs- 
tem of building. An economical modification of the plan Skoit-tiin- 
waa introduced of late years, by diminishing the length, andber frame. 
therefore by increasing the number, of the timbers. Thus 
the long floors are abolished, and their place is aubstituted 
by shorter floors, called cross timbers. To the sides of these 
cross timbers, giving scarj:^ to and prcyecting beyond diem, 
are bolted and dowelled pieces, called half floors. The first 
futtock will then but on the head of the cross timber, the 
second fiittock on the head of the half floor, the third fiit- 
todc on the head of the first, the fourth on the head of the 
second, the fifth on the head of die tliird, the sixth on the 
head of the fourth, and the top-timber on the head of the 
fifth. Occasionally lengthening pieces are added to the 
upper timbers, when required by tne conversion. See figs. 
34, 35, 36. 

Figure 49, Plate CCCCLVII., represents a disposition 
with the buts of the firame arranged like those of a shift of 
plank, there being three timbers between every two buts, 
while in the usual disposition there is only one timber be- 
tween every two buts. 

By reference to the disposition of the frame, Plate 
CCCCLIV., it is seen that the timbers are not in contact 
sideways, but are kept apart a certain distance ; although, for 
the sake of simplicity in la3^ng ofl^, we suppose them to touch 
each other from the keel to die top-side. This imaginary Jointi. 
junction of the futtocks of a fitune is called the joint The 
joints of the frames are, with one exception, equidistant. 
This exception is seen in fig. 24, Plate CCCCL., in which the 
distance between the joints 3 and (2) is greater than be- 
tween the other joints. This variation is for the puipose of 
introducing an additional timber, called the ** single tim- Single 
ber,** so tliat there will be five timbers in the space 3 (2), timber, 
whereas there are only four timbers between the other joints. 
Hence the opening in question is called the five-fourth open- 
ing; and one frame, instead of consisting, like all the others, 
of two adjacent timbers, will consist of an assemblage of 
three timbers. The reason of the introduction o£ the single 
timber is, because the position of the various futtocks is re- 
versed in the fore and after bodies, u e. those which in the 
fore-body are on the fore side of the joint, are placed in the 
afler-body on the aft side of the joint Hence, were it not 
for the single timber breaking the shift of the heads and 
heels, we should have a series of two buts together, as two 
first-fiittock heads, and so on. The timbers being square 
to the keel, the joints will obviously be represented in the 
i^eer and half-breadth plans by straight lines square to the 
keel. 

As before explained, these joints and their corresponding squ^,^ 
frames are distinguished in die fore-body by letters, as A, body. 
B, C, D, &c. and in the after-body by figures, as 1, 2, 3, 4, 
&c. Thus it is seen that the sides of the timbers already 
described are athwartship vertical planes. This arrange- oant body, 
ment, however, is departed from at the two extremities of 
the ship ; for if the sides of the frames were athwartship, 
timber of much larger scantling would be required, which 
would be more costly, more liable to decay from converting 
older trees, and would be still farther objectionable, firom 
the fastenings, which ought to be square to the curve, cut- 
ting the timbers more obliquely. To obviate these incon- 
veniences, the timbers, in technical language, are '* canted.** 

It has been before explained, that the sides of square Square and 
timbers are vertical planes; so also are those of cant tim- cant bodies. 
bers. Again, the intersection of the plane of the square tim- 
ber with the vertical longitudinal plane of die ship, is a verti- 
cal straight line: the same remark is applicable to the cant- 
timber. Further, the plane of the square timber is at right 
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Laying Off. angles to this longitudinal plane, whereas that of the cant 
'"■"■"v-'*^ timber is oblique to this plane. The subject of square and 
cant timbers has been explained by the following familiar 
illustration. Imagine the before-named vertical athwart- 
ship plane to be fixed at its intersection with the vertical 
longitudinal plane, but still allowed to revolve on the ver- 
tical line of intersection as an axis. It may be considered 
as a door on its hinges. When the door is wide open, in 
other words, when the plane stands athwartships, it repre- 
sents a square timber ; when the door is partially closed, or 
allowed to revolve on its hinges, it represents a cant timber- 
This imaginary revolution, of course, takes place forward 
in the fore-body and aft in the afler-body. Thus, in the 
half-breadth plan, Plate CCCCL., AB, drawn perpendicular 
to the middle line of the ship, represents the joint of a square 
frame ; but if it is made to revolve forward round the point 
A, till it comes into the position A6, it then represents the 
joint of a cant frame. 
The We have now to explain the manner of drawing the va- 

draught of rious lines and sections of a ship, and of transferring them 
* P* from one plan to another. For this purpose it will be con- 
venient to imagine the draught complete, and in a general 
way to retrace the steps by which Uie completion was ef- 
fected, by explaining the adaptation and correspondence of 
the three plans with each other. Below the upper edge of 
the rabbet of the keel are drawn the depth of the rabbet and 
KeeL the under sides of the main and false keels. At a distance 
apart, equal to the length of the ship, are drawn the fore- 
Perpendi- most and aftermost perpendiculars, at right angles to the 
culars. keel, and respectively intersecting tJie aft part of the rabbet 
of the stem, and the fore part of the rabbet of the stem- 
Stem and post, at the height of the lower deck. The stem and stem- 
stern-post post, together with their respective rabbets, are likewise 
delineated. From the calculation of the weight of the ship 
when fully equipped, as already explained, is determined 
Load snr the position of^the upper or load water-line ; the other water- 
ter-line. lines are drawn at pleasure parallel to, and generally equi- 
distant from, the load water-line. They are severally mark- 
ed No. 1, 2, 3, 4, &c. (Plate CCCCL.), observing that they 
are characterized by the same figures in the body and half- 
breadth as in the sheer plan. 

The load water-line being drawn in the sheer draught. 
Sheer of the height of the lower deck may be determined. It is to 
the decks, be observed, that a deck is delineated by three lines, the 
upper two of which are parallel to each other, and represent 
the thickness of the deck at the middle ; the third or lower 
line denotes the under surface of the deck at the side of the 
ship. Supposing the height of the deck determined amid- 
ships, forward and afl ; let these heights be set above the 
load water-line, and through the three spots thus obtained 
draw a segment of a circle ; this curve defines the deck at 
the middle. To obtain the deck at the side, proceed as 
follows. Draw a straight line, equal in length to the breadth 
of the sliip amidships, to the interior of the timbers. Per- 
pendicular to and at the middle of this line, set off the 
round-up of the beam, through which point and the extre- 
mities of the line draw the segment of a circle, which will 
represent the round-up of all the beams. Draw a tangent 
to this curve at its middle point, which will evidently be 
parallel to the first-named line, or chord of the arc. Now, 
to obtain the round-down of the deck at any particular sta*- 
tion, take the half-breadth of the ship at that station, and 
set off this half-breadth on the tangent from the middle of 
the curve. Next take the perpendicular distance (at right 
angles to the tangent) of the curve from the point last ob- 
tained, and set it off on the sheer plan at the corresponding 
station below the under side of the deck at the middle ; the 
spot thus obtained is the deck at the side. By proceeding 
in a similar manner at other stations we obtain several spots 
through which a fair curve must be drawn, and thus is de- 
termined the under surface of the deck, or the upper sur- 



&ce of the beam at the side of the ship, Jn like manner LayingOff. 
are the other decks delineated, their beie;ht and round-up ^^^v^*^ 
being known. At present, however, only the lower deck 
can be decided. Before the upper deck, quarter-deck and 
forecastle, and round-house, are drawn, it will be necessary 
to draw, in the sheer draught, the midship and side coun- 
ter-timbers. We here remind the reader that we are al- 
luding to a two-decked ship, whereas the sheer draught 
(Plate CCCCL.) represents a frigate, which has one fight- 
ing deck less than a line-of-battle ship. 

As the heels of the stern or counter-timbers rest on and Wing.tnn- 
are connected to the wing-transom, this transom may be ^™* 
considered as the foundation of the stem. To draw the 
wing-transom, set up in the sheer plan, f^om the upper edge 
of the rabbet of the keel, the height of its intersection at 
the middle line of the ship with the fore part of Uie rabbet 
of the stem-post. At this point draw a horizontsd line, be- 
low which draw a second horizontal line, at a distance from 
the former equal to the round-down of the transom. On 
the upper horizontal line set off the round-forward of the 
transom, which square down to the second horizontal line. 
Next join the last-named point and the point of intersection 
of the upper surface of the transom, with the fore part of the 
rabbet, and we thus obtain the after upper edge of the tran- 
som. It is to be understood that the method just described 
for drawing the wing-transom is only an approximation to 
truth : thus we have supposed the after upper edge of the 
transom a straight line, whereas in reality its projection is 
a curve ; but as this description is sufficiently accurate for 
our present purpose, we shall reserve any further remarks 
on the subject until we explain the method of laying off die 
transoms. 

Having drawn a line to represent the after upper edge 
of the wing-transom, the fore and after extremities of this 
line will be respectively the terminations of the after parts 
of the lower ends of the midship and side counter-timbers ; 
but before these timbers are described, it will be necessary 
to make a few observations on the stem of a ship. 

If we imagine the stem to be cut by a vertical fore and The stem, 
aft plane, the after boundary of this section, above the wing- 
transom, will consist of the hollows of the lower and upper 
counters, and a straight line from the upper knuckle to the 
top of the side. Moreover, the stem has two curvatures, a 
round-up and a round-aft. The round-up is variable, where- 
as the round-aft (above the upper knuckle) is constant. 
The round-up of the stem gradually increases from the 
wing-transom to the tafirail ; that is, the right aft rails, 
which include the tuck-nul, the lower counter, upper coun- 
ter, foot-space, and breast-rails, have more and more cur- 
vature as they ascend. The round-fd% of the stem, firom 
the upper knuckle to the taffirail, is the same in«equal 
breadths ; in fact, the stem is a portion of a cylinder, and 
therefore all sections square to its axis, or square to the 
rake, which is parallel to its axis, are portions of the same 
circle. 

We may now proceed to draw in the midship counter- Coooter- 
timber. The stations of the upper and lower knuckles timbers, 
being determined, draw a circular arc to the hollow of the 
upper counter; and from the lower knuckle to the intersec- 
tion of the upper edge of the wing-transom with the fore 
part of the rabbet of the stern-post draw another curve to 
the hollow of the lower counter. From the upper knuckle 
draw a straight line to the rake of the stern, and we thus 
complete the projection of the midship counter-timber. 

To draw in the side counter-timber in the sheer plan. Side coan- 
At the height of the upper knuckle of the midship counter- ttr-timber. 
timber draw a horizontal line ; at the distance of the round- 
down of the upper counter below this line draw another 
horizontal line, on which set off the round-forward of the 
upper counter square to the rake. The point thus obtained 
will be the upper knuckle at the side. In like manner is 



Digitized by 



Google 



SHIP.BUILDING. 



71 



Laying Off. obtained the lower knuckle at the side. From the two 

^— "v-"^*-^ knuckles draw in the hoUow of the upper counter, and from 

the lower knuckle to the fore part of the after edge of the 

wing-transom draw in a curve for the hollow of die lower 

counter. 

Now if the top-side had no ** tumbling home," the side 
counter-timber above the upper knuckle would be parallel 
to the midship counter-timber ; and further, in proportion 
as the *^ tumbling home'' is great or small, so will the heads 
of these timbers approximate to or recede from each other. 
To obtain a point for the head of the side counter-timber, 
it will be first necessary to draw the round-aft of the stern. 
Strike a straight line at pleasure, the length of which is 
equal to the breadth of the stem at the lower knuckle. At 
the middle of this line erect a perpendicular, and on it set 
off the round-afl of the stem ; through this last point, and 
the extremities of the line, draw a circular arc, from which 
we may obtain the vound-afl of the stem, square to its rake, 
at any breadth. For instance, to procure the round-afl at 
the head of the side counter-timber, set off the half breadth 
of the ship at that height from the middle of the chord of 
the arc ; then take the distance of this point (square to 
the chord) from the circular arc; this distance is the round- 
afl required, which, when set off square to the midship 
counter-timber, determines the afl side of the side counter- 
timber at its head. We have now to obtain spots for draw- 
ing in this timber between the head and the upper knuckle. 
Stern. As before remarked, the stern above the upper knuckle 

is cylindrical, and as all sections of a cylinder parallel to its 
axis are bounded by straight lines, while those sections 
which are oblique to its axis are bounded by curves, it fol- 
lows, that in the sheer plan the midship counter-timber, as 
explained above, is a straight line, while the side counter- 
timber is a curve. 

Further, as all sections of a cylinder made by a plane 
square to its axis are circles, while those sections whioi are 
oblique to its axis are ellipes, it follows, that in the half- 
breadfh plan the round- an of a plane, which in the sheer 
plan is at right angles to the rake of the stern amidships, 
will be circular, while the round-afl in the half^breadth plan 
of all other planes will be elliptical. 
Bound^ft. Bearing this in mind, we proceed to show the manner 
of obtaining the elliptical round-afl of the level line Q at the 
height of the upper knuckle a at the sides (Plate CCCCLIII. 
fig. 31). In the sheer plan, firom the point a draw ab at 
right angles to tlie midship counter- timber produced. Pro- 
ject the point a in the sheer plan to the middle line of the 
half-breadth plan, as e. From e draw ef&t right angles to 
the middle line, and on ef set off the half breadth of the 
ship at the lower knuckle. Draw eg» equal to ab, and 
thro>]gh ff and / draw a circular arc ghf, the radius of which 
arc will be equal to half the diameter of the cylinder ; then 
will ghf be the round-ail of tlie stern square to its rake. 
Again, in the half-breadth plan draw any number of lines 
W, X, parallel to the middle line, intersecting the round-afl 
ff/ifin the points h and t. Take the horizontal distances of 
h and t firom ef, and set these distances, off on the line ab 
from the point a. Through the points thus obtained on ab 
in the sheer plan, draw lines parallel to the rake of the 
stem. Square down the points of intersection of the last- 
named lines, with the level line Q, to the corresponding 
lines W and X in the half-breadth plan. Lastly, through 
the intersections thus obtained draw a curve, which will 
represent the elliptical round-afl of the stem when cut ho- 
rizontally. Further, as all parallel sections of a cylinder 
are similar ciurves, we infer that the round-afl just obtained 
will serve for the round-afl of any number of level lines 
drawn above the upper knuckle. 

Therefore draw level lines above the upper knuckle, at 
a distance of firom two to three feet apart, both in the sheer 
and body plans. Run off these level lines in the half- 



breadth plan. Square down the intersections of each of Laying Off. 
these lines in the sheer plan, with the* midship counter-tim- ^**'*v'^"^ 
ber, to the middle line of the half-breadth plan. From these 
points draw the horizontal round-afl of the stem, and the 
intersections of this round-afl with the corresponding level 
lines will be the terminations of the said level lines. Square 
up these terminations to the respective level lines in the 
sheer plan, and through these spots draw a curve, which 
will be the projection of the afler edge of the side counter- 
timber. 

To represent the projection of the side counter-timber in Side coun- 
the body plan, take the distances square from the middle ter-timberi. 
line in the half-breadth plan of the termination of each level , 
line, and transfer these distances to the corresponding level 
lines in the body plan ; through the spots so obtained pass 
a curve, which will represent the required projection of the 
side counter-timber. (Plate CCCCLIIL fig. 33.) 

Following the previous directions, the decks above the Decks, 
lower deck may now be drawn. 

The joints of the frames are drawn perpendicular to the 
keel. The previous explanation on the frame-timbers of a 
ship renders any further remarks on this subject unneces- 
sary. The ports are drawn to the sheer of the ship. Their Port*, 
number, size, and distance apart, of course, depend on the 
determined armament 

The main-breadth, top-breadth, top-side, and other lines. Breadth- 
have been already explained ; and with respect to the chan- ^^^^*' 
nels, head-rails, and other details, our limits preclude the 
possibility of entering into a description. We must there- 
fore conclude our account at present of the sheer plan by 
referring to Plate CCCCL., and proceed to a brief de- 
scription of the body plan. Fig. 25 represents the body Body plan, 
plan. A horizontal line is drawn for the upper edge of the 
keel. On this line three perpendiculars are raised, at a dis- 
tance apart equal to half the moulded breadtli of the ship. 
The middle of these threfe lines represents the middle line of 
the ship, or rather the projection of the vertical longitudinal 
plane which divides the ship into two equal parts. The other 
two lines are the boundaries of the ship at the widest part, 
or dead-fiat, ®. The curves A, B, C, &c. in the fore-body, 
and 1, 2, 3, &c. in the afler-body, represent vertical trans- 
verse sections of the ship, at the corresponding joints A, B, 
C, &c. 1, 2, 3, &c, in the sheer plan. It is to be understood 
that these sections correspond to the exterior surface of the 
timbers, on the supposition that the plank of the bottom and 
top-side is not yet on the ship. 

Independent of the joints of the frame, many other lines 
in the body plan originate in the sheer plan, as port-sill 
lines, top-breadth, top-side, water-lines, &c. We shall pre- 
sently describe tlie manner of transferring tliem from the 
sheer to the body plan. But there are other lines which 
may be said to originate in the body plan. Among this class 
may be mentioned buttock, bow, and diagonal lines. But- Buttock 
tock lines are vertical lines drawn at discretion at any dis- ^^^ 
tance from and parallel to the middle line. They are mark- 
ed Nos. 1, 2, 3, &c. Plate CCCCLII. The position of Diagonal!, 
the diagonal lines drawn in the body plan is not, however, 
arbitrary, because it has reference to two considerations, 
the length of the timbers, and the station of the ribbands 
and harpins : thus those marked fioor-head, first futtock- 
head, second futtock-head, &c. show the lengths of the 
floors and flittocks, together with the heights of their heads 
and heels above the keel ; while those marked first sirmark. Ribbands 
second sirmark, third sirmark, &c. show the heights anda^dhw- 
situations of the various harpins and ribbands, which are P^°** 
placed between the heads of the respective timbers, in or- 
der to give support to the ship whilst in frame. Fig. 30. 

The half-breadth plan is in most draughts placed below Half- 
the sheer plan, the stations being squared down to its middle l>|^*dtii 
line. (Plate CCCCL.). Occasionally, however, the upper P**°- 
edge of the keel in the sheer plan answers to the middle line 
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LayingOff. of the half-breadth plan, as in Plates CCCCLI^ CCCCLII^ 
'— ^"v-"^ and CCCCLIII. This is generally the case in laying off, 
because the dimensions of the roould-loft floor would not 
admit of any other arrangement. 

From the description of the draught we proceed to ex- 
plain the manner of transferring the various lines from one 
plan to another. 
Diagonals. To run off the diagonals in the half-breadth plan. From 
the point of intersection of the diagonal with the middle line 
in the body plan, take the distances of the intersection of 
every timber with the said diagonal, which distances set 
off on the corresponding timbers in the half-breadth plan. 
Through the points thus obtained pass a curve, which will 
represent a vertical projection of tne diagonal on the half- 
breadth plan, not in its original position, but afler it is sup- 
posed to revolve until it comes into a horizontal position. 
The axis of revolution is a fore and afl line parallel to the 
keel, being the intersection of the diagonal plane with the 
vertical longitudinal plane of the ship. It remains to ex- 
' plain the method of ending the diagonals ; but before the 
process can be clearly understood, it will be necessary to 
enter into a brief explanation of the rabbets of the stem and 
stern-post. 
Rabbets of The upper part of the rabbet of the stem, and also of the 
the stem, stern-post, is an equilateral triangle, whose sides are equal to 
^^ the thickness of the bottom plank, the middle of the rabbet 

being half the distance between the fore and after edges. 
But at the lower part of the stem, although the fore part 
of the rabbet remains fixed, yet the middle and the after 
edges vary considerably from their relative positions at the 
upper part. 

This variation is technically termed the " opening of the 
rabbet," and it arises from the alteration of the form of the 
body. Thus, if we conceive the bow to be of the same 
shape above and below, no alteration would be required in 
the form of the rabbet. Again, If the bow were so sharp 
near the keel that its horizontal section becomes a fore and 
aft straight line, then the ends of the bottom plank should 
be cut off square, and therefore in the sheer plan the middle 
of the rabbet would coincide with the fore edge. Hence 
we see that the middle of the rabbet approximates to or re- 
cedes from the fore edge, according to the sharpness or ful- 
ness of the lower part of the bow. In genenil, it will be 
sufficiently accurate for all practical purposes to place the 
middle of the rabbet at the lower part one third its breadth 
from the fore edge, from which point it gradually recedes 
from the fore edge till it arrives at the upper end of the 
stem, where, as before observed, it is midway between the 
fore and a^r edges. 

The same remarks obviously apply to the rabbets of the 
stem-post and keel; observing, diat with respect to the 
keel, the rabbet amidships is an equilateral triangle, the 
middle of which is equidistant between its upper and lower 
edges, whereas forward and abafl, the projection of the 
middle of the rabbet of the keel, in the sheer plan, with 
respect to the lower edee of the rabbet, partakes of a simi- 
lar variation, as before described with respect to the rabbet 
of the stem. In general it should be understood, that that 
form of rabbet is to be adopted which most conduces to 
its utility as a security of the wooden ends, and the ef- 
ficiency of their caulking, so that there shall be no tendency 
to set off the buts of the plank. 
Ending the For determining the endings of the diagonals, it is 
diagonals, further necessary to observe, diat the half siding of the 
stem and stem-post must be drawn in the body plan, to- 
gether with the depths of their respective rabbets ; observ- 
ing, that with respect to the stem, it is usual to make it of 
a parallel siding from the head to the lower side of the 
lower cheek, in order to afford greater support to the bow- 
^Nrit and knee of the head. From the lower cheek down- 
wards, it gradually tapers to the siding of the keel. The 



stem-post either tapers the whole of its length, or is of a LayingOff. 
parallel siding from the head to the lower side of the deck- "*■— *>^"*^ 
transom, from whence it tapers to the heel. From our 
preceding remarks, it will be perceived, that in the half- 
breadth plan the upper diagonals will terminate at the aft 
part of ^e rabbet of the stem, and the lower diagonals at 
the middle of the rabbet. Hence there will be an inter- 
mediate point depending on the comparative fulness and 
sharpness of the bow, at which one diagonal will terminate 
both at the middle and at the after part of the rabbet ; or 
rather this one diagonal will break in fair with both the 
middle and after part of the rabbet. 

To determine tne endings, we proceed thus : In the body 
plan take the heights of the intersections of the diagonal with 
the outside of the stem, and with the inside of the rabbet ; 
transfer these heights to the sheer plan, to the after side 
and to the inside of the rabbet ; square down these two 
spots to the middle line of the half-breadth plan, at which 
points raise two perpendiculars ; along the diagonal in the 
body plan take the distances from the middle line to where 
the diagonal intersects the inside of the rabbet and outside 
of the stem, and set these distances off on the correspond- 
ing perpendiculars in the half-breadth plan ; thus will be 
obtained two points, one of which will be the termination 
of the diagonsd according to the fcmn of the body, as before 
explained. 

Or, in the half-breadth plan, with the fore part of the 
rabbet as a centre, and the after part of the rabbet as a ra- 
dius, describe a portion of a circle, and let the diagonal at 
its termination be a tangent to this circle. The after ends 
of those diagonals which are below the wing- transom ter- 
minate in the rabbet of the stem-post, in a similar manner 
to the fore ends in the rabbet of tne stem. 

The termination of those diagonals which cross the wing- 
transom is thus explained. In the body plan, take the dis- 
tance souare to the middle line of the intersection of the 
diagonal with the margin. Set this distance off in the half- 
breadth plan, square to the middle line, to intersect the 
margin. Through the spots thus obtained draw a perpen- 
dicular to the middle line, on which perpendicular set off 
the diagonal distance of the intersection of the diagonal with 
the nuu-gin in the body plan. Thia gives the termination 
reouired. 

The foregoing remarks will serve to elucidate the plan Water and 
of terminating water-lines, and also all level lines which are level lines, 
below the wing-transom ; excepting that the distances in 
the latter cases are taken horizontally instead of diagonally. 

To run off the diagonals in the sheer plan : In the body To mn off 
plan, take the perpendicular heights, that is, the heights diagonals ia 
square to the upper edge of the keel, of the intersection of *^* *''*®' 
the diagonal with each of the timbers, and transfer these ^ 
heights to the corresponding timbers in the sheer plan. 
Through the points thus obtained draw a curve, which will 
be the line required. 

These lines terminate forward at the aft side of the rab- 
bet of the stem, and aft at the fore side of the rabbet of 
the post, at the respective heights of their intersection in 
the body plan, with the sides of the stem and stern-post. 

These lines are chiefly required in the sheer plan, when 
making a disposition of the timbers of the frame ; as by 
their means we show the heights above the keel, of the floor- 
heads, first futtock-heads, &c 

To run off the horizontal ribbands in the half-breadth The hori- 
plan. Having run off the diagonal planes, as just explain- f^^ p^ 
ed, in their true form, it will be necessary to obtain ^^iTtJI^haS 
vertical projections in the half-breadth plan, without ima- breadth 
gining them, as before, to revolve into a horizontal position, plan. 
The diagonals, when projected according to this second me- 
thod, are called ^^ horizontal ribbands.*' 

Observe the points of intersection of the diagonal in the 
body plan with each timber. Take the horiz^Atal distance 
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LayingOff. of each of these points from the middle line, and transfer 
'""^^^^^^^^ it on the corresponding timber in the half-breadth plan. 
Through the points thus obtained draw a curve which will 
terminate botn forward and abaft on the same lines as the 
corresponding diagonal, only observing that the distances 
of the terminations must be taken in the body plan hori- 
zontally instead of diagonally. 

To run off level lines and water lines in the half-breadth 
plan. Take the horizontal distances, from the middle line 
of the ship, of the intersection of each timber with the 
level or water line in tlie body plan, and set off these dis- 
tances from the middle line of the half -breadth plan on the 
corresponding timbers. Through the points thus obtained 
pass a curve. 

The terminations of these lines below the wing-transom 
have been already explained. 

To terminate the after end of a level line above the wing- 
transom. From the sheer plan square down the intersec- 
tions of the level line with the aft part of the midship and 
side counter-timbers, to the middle line of the half-breadth 
plan. From the foremost of the two points thus obtained, 
erect a perpendicular to the middle line, and the point where 
the round<afl of the stem drawn from the aftermost point 
intersects the perpendicular, will be the termination of the 
level line. 

Without further explanation, this method will serve for 
the terminations of the top-breadth, top-side, port- sill, and 
other similar lines. The fore ends of these lines may ter- 
minate in the half-breadth of the stem from the middle line. 

To run off buttock and bow lines in the sheer plan. In 
in7hrXer^*^^ body and half-breadth plans, buttock and bowlines 
plan. ^ are straight lines parallel to the middle line. To transfer 
them from the body to the sheer plan, proceed thus : in 
the body plan, from the upper edge of the keel, take the 
heights of their intersections with each timber, and set off 
these heights on the corresponding timbers in the sheer 
plan. Through the spots thus obtained pass a curve. Those 
lines which do not cross the wing-transom may terminate 
in the sheer plan, at the main-breadth line. Those which 
cross the wing-transom terminate at the margin as follows. 
Square up the intersection of the buttock-line with the mar- 
gin of the wing-transom in the half-breadth plan, to the 
margin in the sheer plan. The spot thus obtained deter- 
mines the ending of the buttock- line. 

To run off the main-breadth line in the sheer and half- 
breadth plans. In Uie body plan this line is a curve pass- 
ing through each timl>er, at its widest part. It is transfer- 
red to the sheer plan by levelling in its intersection with each 
timber, to the corresponding timbers ; and it is drawn in the 
half-breadth plan in a manner similar to that before de- 
scribed with respect to water-lines. 

We now suppose the draught is complete, and that due 
precautions have been taken to make the various curves in 
the three plans perfectly fair. We proceed to explain the 
method of laying off the more important parts of a ship. 

It will be unnecessary to allude to the manner of transfer- 
ring to the ring the sheer and body plans from the paper on which they 
^^^' are first drawn to a snuul scale, to the mould-loft, on which 

they are to be delineated the fUll size of the ship. The pro- 
cess will be sufficiently obvious to any intelligent person. We 
will therefore suppose the sheer and body plans transferred 
Fairing; the to the floor of the mould-loft. This being done, the next 
^^^7" operation is to fair the body, by horizontal, vertical, and ob- 

lique sections, which is effected by running off in the half- 
breadth plan, according to our previous description, level 
lines, buttock-lines, and diagonal lines. 
Proof tim- It should be understood, t£at, forward and aft, it is neces- 
bera. sary to run off a few vertical sections nearer together than 

the other sections. This is done on account of the sudden 
curvature in the bow and buttock of a ship. These sec- 
tions, which are called ^ proof timbers,*' may be placed ac- 
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Transfer- 



cording to discretion ; observing, however, that it is essen- Laying Off. 
tial to have one near the end of the wing-transom. ''^•"v^*^ 

When the body is perfectly fair on the floor, it becomes Joinbi of 
necessary to get in all the alternate timbers, or rather joints ^^« fnmea, 
of the frames, which have been omitted. In the half-breadth 
plan, bisect the spaces between every joint already laid off,' 
and strike in the new joints, which, like the others, will be 
square to the middle line. Then in the half-breadth plan 
take the distances from the middle line, of the intersections 
of these joints with each of the level lines and diagonals, 
and transfer these distances to the corresponding levd lines 
and diagonals in the body plan. Thus will be obtained a 
series of spots, through which curves must be drawn to re- 
present the new joints, when all the moul(Hng edges in the 
body plan will be complete. 

Supposing the body plan complete, the moulds may be Moulds.' 
made for the timbers in the square body. With respect to 
the floors, it is customary for one large mould to contain 
them all, the fore and after bodies being placed on its oppo- 
site sides. This mould, for lightness and convenience, is 
made of battens ; it is connected at the middle line by a 
pair of hinges, so that when not in use it may be shut to- 
gether, and thus occupy only one half the space. In trim- 
ming a floor, after Uie spots are obtained from the mould 
for its curvature, it is sometimes customary to apply the ad- 
jacent first futtock-mould through them. With respect to 
the futtocks, for the sake .of illustration, let us imagine one 
frame of the ship (as starboard, K), instead of consisting of 
a floor, first fiittock, second fiittock, third futtock, fourth 
futtock, and top-timber, to consist simply of two long tim- 
bers, each extending from the dead-wood to the top of the 
side, one on either side of the joint. Were we to make a 
mould to K in the body plan, it is obvious that it would 
give the form of both these imaginary long timbers. The 
only difference in the application of the mould would be, 
that in moulding the foremost of these timbers the after 
side of the mould would be uppermost, whereas in moulding 
the after timber, the fore side of the mould would be upper- 
most The reverse would obviously be the case in mould- 
ing the larboard timbers. Now, bearing this principle in 
mind, the moulds are made for the various futtocks, con- 
forming in their length to the respective diagonals which 
denote the stations of their heads and heels. The scantling 
of the timbers is marked on the moulds, together with the 
stations of the ribbands and bevelling spots. As each edge 
of a mould may be used, one mould answers for two timbers, 
and their opposites. Where rigid economy is of importance, 
one mould may serve for several futtocks, in which case the 
various joints are inked on the surface of the mould, and 
are bored through the mould to the timber in order to ob- 
tain its curvature. This method, however, is not to be ge- 
nerally recommended, because a set of moulds will, with 
care, convert for several ships in succession. 

After the moulds are made, it is customary to take the Bevelling^ 
bevellings of the square body. This subject v^ however, 
be explained generally under the head of cant-timbers, to 
which we now direct the reader's attention. 

We have already explained that the plane of a cant-tim- Laying off 
ber is vertical, and inclined at a certain angle to the longi-the caiit> 
tudinal plane of the ship; its projection, therefore, in the*^"*^®"* 
half-breadth plan, will be a straight line inclined to the 
middle line. 

In the disposition of the cant-timbers, strength and eco- 
nomy should be considered ; hence the propriety of dimi- 
nishing their curvature and bevelling as much as possible. 
No particular rule can be laid down for their number and 
disposition, as these must depend on the form of the bow 
and buttock of the ship. As a general rule, they should be 
placed as square as possible to the body, and be eoually 
spaced on the main-breadth and middle lines ; their sidings, 
together with the openings between them, or, in other 
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Laying Off. words, their ^* room and space," should assimilate as near as 
may be to the square body. The hawse-pieces should be 
so situated that they may not be too much wounded by the 
hawse-holes ; and in order that the knight-heads may not 
be injudiciously weakened by the bowsprit, their heads 
should be separated from the stem, at least in large ships, 
by a timber of from six to eight inches siding. 

It should be remarked, that in the square body every 
other joint only is laid off, the intermediate joints being 
drawn in after the laying off may be said to be complete. 
But in the cant-bodies every joint is laid off, each joint, as 
in the square body, serving to mould the adjacent timbers 
on its fore and after sides. Still, if the opening between 
the timbers of a cant-frame should be very great, it would 
be more accurate to strike in the openings on the half- 
breadth plan, and to lay off each timber independent of the 
other, that is to say, the after edge of the foremost, and 
the fore edge of the aftermost timber. 

Supposing the disposition of the fore and after cant-bo- 
dies completed as in the half-breadth plans (Plates CCCCLI. 
and CCCCLIL), in which the joints of the cant-frames are 
marked c, we proceed to lay them off in the body plan. 
This is generally done by one of two methods ; either by 
horizontal ribbands, or by level lines. We must here re- 
mind the reader, that the square timbers in the body plan, 
as A, B, C, &C., 1, 2, 3, &c., are not only projections of the 
same timbers in the sheer plan, but they are absolutely the 
real shape of the sdd timbers, on the supposition that the 
ship was cut asunder athwartships at those stations. Now, 
if we conceive a vertical section^of the bow to be made, not 
athwartships, but in the direction of the plane of a cant- 
timber, as W, Plate CCCCLI. fig. 27, and if we project 
this section to the body plan, this projection will not be 
the shape of the cant-timber. But if keeping the plane of 
the cant-timber W fixed at its vertical intersection with the 
longitudinal plane, we make it revolve round the said in- 
tersection as an axis until it comes athwartships, and if in 
it^ new position we project it from the sheer plan into the 
body plan, then, as in tne square body, we not only obtain 
a projection, but also the true form of the timber, to which 
a mould may be made for trimming it. We shall now ex- 
plain the manner of performing this ingenious process, se- 
lecting as an example the cant-timber W in the fore body. 
__ ^ To lay off cant-timbers by horizontal ribbands. Observe 

by horizon- the intersection of the cant-timber, marked W, with the 
tal rib- upper horizontal ribband in the half-breadth plan, Plate 
CCCCLI.; take the nearest or perpendicular distance of 
this point from the middle line ; set this distance off hori- 
zontally from the middle line of the body plan, so as just to 
intersect the corresponding diagonal. In like manner, ob- 
tain similar spots from the remaining horizontal ribbands 
in the half-breadth plan on all the oUier diagonals in the 
body plan, and if Uirough the spots so obtained a curve 
were drawn, this curve would be the projection, not the true 
shape, of the cant-timber. Next through all the above- 
named spots on the diagonals in the body plan, draw ho- 
rizontal lines. In the half-breadth plan, take the distances 
along the cant-timber from where it intersects the middle 
line to its intersection with each of the horizontal ribbands. 
Transfer these distances to the body plan, by setting them 
off from the middle line, on each of the corresponding ho- 
rizontal lines before named. Lastly, through the spots so 
obtained pass a curve, which curve will be the absolute 
shape of the cant-timber, which has thus been made to re- 
volve round the point W in the half-breadth plan, from its 
original position, which was oblique to the middle line, until 
it came into an athwartship position, or square to the mid- 
dle line. 

We have thus delineated the form of the cant-timber at 
and below the upper diagonal. To obtain its form at the 
top-side, proceed thus. In the half-breadtli plan, square up 



Laying off 



buncU. 



the intersection of the cant-timber with the main-breadth LayingOff. 
line, to the corresponding main-breadth Jjne in the sheer ■*"'*%'^*^ 
plan. Transfer the height so obtained to the middle line 
of the body plan, through which point draw a level line. « 
In the half- breadth plan, take the distance in the direction 
of the cant-timber, from its intersection with the middle 
line to its intersection with the main-breadth line, and set 
off the same distance from the middle line of the body plan, 
along the level line just drawn. Proceed in like manner 
with respect to the top-breadth, top-side, port-sill, or any 
other similar lines, and we thus procure a series of spots 
through which the cant-timber may be continued from be- 
low. 

To obtain the ending of the timber. Draw in the beard- Ending the 
ing line or the half thickness of the dead-wood in the half- timbers, 
breadth plan, parallel to the middle line. Square up the 
intersection of the cant-timber with this bearding line, to 
the bearding line in the sheer plan. Level in this height 
to the middle line of the body plan, where a horizontal line 
must be drawn, on which line set off from the half-breadth 
plan the distance between the intersection of the cant- 
timber with the middle line, and its intersection with the 
bearding line. The spot thus obtained determines the end- 
ing of the timber. 

Having lud off the moulding edge of W, we proceed toBcTelUng 
lay off its bevelling edges. Parallel to and on eiUier side of ^S®^ 
the joint W, draw two lines ac, bdy to represent tlie sidings 
of the adjacent timbers. The side extremities of these lines 
terminate like the joint at the top-breadth line ; their mid- 
ship extremities are bounded by a snudl line ab drawn at 
right angles to the joint W at its intersection with the middle 
line. 

In our former description we supposed the joint of the 
timber to revolve round the point W, until it, the joint, 
came into an athwartship position. Now, instead of ima- 
gining tlie joint only to be thus circumstanced, let us sup- 
pose the whole cant-frame to revolve round the point W ; 
in which case the bevelling edges ac, 6ef, will become athwart- 
ship lines, and ab will become a fore and aft line, and may 
be regarded as the middle line, or rather a small part of the 
middle line, of the ship. Hence, in laying off the two bevel- 
ling edges acy bd, we proceed as was before described for 
the joint, with this exception, that we take the cant dis- 
tances along ac, bd, from the points a and 6, instead of, as 
before, from the point W, at the middle line. 

The bevelling edges are delineated, as just explained, in BeTelHng 
the body plan, in which plan they fidl without, coincide with,<^c«n*- 
or fall within, the joint; and these three conditions deter- ^°^*^*™' 
mine whether the timber has a standing, square, or under 
bevelling. Therefore, across a board the breadth of which 
is equal to the siding of the timber, draw a line square to 
its edges. In the body plan, at the various bevelling spots, 
as sirmarks, port-sills, heads, &c. take the nearest distances 
of the joint firom the bevelling edges, and set these distances 
on the right-hand side of the board, either above or below 
the square line, according as the bevellings are standing or 
under. Then join the points so obtained, and the intersec- 
tion of the square line, with the lefl-hand side of the board. 
The angles formed by the lefl-hand side of the board, and 
the various lines across the board, denote the respective 
bevellings at the corresponding stations in the body plan, 
which bevellings will be applied square to the curve of the 
timber. 

For trimming and cutting off the heel two beveUings are Heels of 
necessary. The bevelling against the dead-wood is simply c«»t*ti™" 
the angle formed in the hairbreadth plan by the direction ^'^^ 
of the timber and a tore and afl line, and is therefore taken 
by placing the stock of a bevel to the cant of the timber, 
and the tongue to the bearding line. 

To obtain the bevelling for cutting off the heel against 
the stepping. Square up from the haSf-breadth plan to the 
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sheer plan, the intersectmn of the joint of the cant-timber 
with the bearding line. From this point in the sheer plan 
erect a perpendicular to the keel. Place the stock of the 
bevel to this perpendicular, and the tongue to the direction 
of the stepping line, and the required bevelling is obtained. 

To lay off the cant-timbers by level lines. The reader 
will observe that two processes were necessary in laying off 
cant- timbers by the horizontal ribbands ; for, first, we had 
to take the square distances of the intersection of the timber 
with each horizontal ribband from the middle line in the 
half-breadth plan, and transfer these distances to the cor- 
responding diagonals in the body plan ; and, secondly, we 
had to take the oblique or cant distances of the timber with 
the same horizontal ribbands in the half-breadth plan, and 
transfer them to the body plan. But the method of laying 
off these timbers by level lines is far more simple, only 
one process being required. Thus, to lay off the joint of W, 
take the cant distances from the middle line in the half- 
breadth plan to the intersection of the joint with each level 
line, and transfer these distances from the middle line of 
the body plan, along each of the corresponding level lines. 
A curve through the spots thus obtained gives the true form 
of the timber. 

In considering these two methods of laying off cant-tim- 
bers, the reader will remark, that the difference between 
them consists in this particular, viz. in the first method, or 
by horizontal ribbands, the heights in the body plan along 
which the cant distances are set off, are procured from tlie 
half-breadth plan; whereas in the second method, or by level 
lines, these heights are already given in the body plan. 

But it may be naturally asked, which is the preferable 
method ? To this we reply, if the student can rely on the 
fidelity of his labours, let him by all means lay off die cant- 
bodies by level lines : if, however, he mistrusts the accuracy 
of his work, let him adopt the plan by horizontal ribbands. 
The reason of this opinion is, that as the level lines cut the 
body obliquely, any inaccuracy is more magnified by them 
than by the diagonals, which cut the body nearly at right 
angles. With this explanation, we leave the choice of these 
plans to the discretion of the student. 

The bevelling edges are laid off by level lines in the same 
manner as the joint, except, as in the former method, the 
cant distances are taken from the points a and b, instead of 
from the point W. The bevellings of the timber are taken 
as explained in the former method. 

To obtain the projection of the cant-timbers in the sheeV 
plan. Square up the intersections of the timber with any 
of the lines except diagonals, in the half-breadth plan. 
Diagonals are excepted, because in the half-breadth plan 
they are not in their natural position, but are supposed to 
revolve into a horizontal position before they are projected 
into this plan. Through the spots thus obtained pass a 
curve, and we obtain the projection required. 

This operation is necessary for a variety of purposes. 
Thus the projection of the faeh ion-pieces into the sheer 
plan, shows the boundary of the ends of the transoms. 
(Plates CCCCLII. and CCCCLIII.) A like projection of 
the other cant- timbers in the fore and after cant-bodies, shows 
the arrangement of the heads and heels of the cant-timbers, 
and their disposition with respect to the bow and afler ports. 

To lay off the transoms. As the ends of the transoms are 
bounded by the fashion-pieces, it becomes necessary to ob- 
tain the projection of the fashion-pieces in the sheer and 
body plans. This is done as previously described with re- 
spect to any other cant-timbers. In Plate CCCCLII. the 
transoms are projected into the half-breadth plan ; but as 
this creates conRision from the multiplicity of lines, it is 
customary to lay off the transoms by themselves, and to show 
both sides of the ship. With this view Plate CCCCLIII. 
is drawn, where fig. 32 represents the plan of the transoms 
in which the square timbers 29, 31, the buttock-lines 1, 



2, 8, 4v 5, the middle line, the bearding of the post, the Ikying Off. 
fashion-pieces, and the wing-transom, are transferred from ^— "V^*^ 
the half-breadth plan. 

In the sheer plan, where the wing- transom intersects the 
fore part of the rabbet, a line is drawn at right angles to the 
keel. This line is called the perpendicular to the transoms. 
A corresponding line is drawn in the plan of the transoms. 

Transoms may generally be diviaed into four kinds. 
Ist^ Those which have a round-up and a sheer : 2d^ those 
which have a round-up and no sheer: Sd, those which 
have neither a round-up nor a sheer, their upper and 
lower sides being level both athwartsfaips and fore and 
afl ; they are called horizontal transoms : and, 4M, those 
which are square to the stem-post, or rather as square to 
the body as they can be drawn. These are called cant- 
transoms ; their upper and lower sides are planes. 

The deck-transom must necessarily have the round-up 
and sheer of the deck. We have supposed the wing and 
filling transoms also to have a round-up and sheer to them, 
although they are sometimes designed, particularly in small 
ships, without any sheer. It is customary to distinguish 
the transoms under the deck-transom as No. 1, 2, 3, &c 
They are delineated in fig. 31 as horizontal transoms ; occa- 
sionally, however, they are canted, as AB, Plate CCCCLII. 
fig. 29. 

From the nature of horizontal transoms, as previously ex- Laying off 
plained, they will be represented in the sheer and body horizontal 
plans by level lines. (Figs. 31 and 33.) This being done,*'"^"^ 
we have next to make a horizontal section of the ship, at 
the upper side of each of these transoms, which will of 
course give the curves to which the moulds are to.be 
made. As the after part of the transoms is terminated 
either by the fore side of the rabbet, or by the bearding 
line of the stem-post, in the sheer plan take the distance 
from the intersection of the upper side of the transom with 
the fore part of the rabbet, or with the bearding line, to 
the perpendicular of the transoms. Set this distance off 
in the plan of the transoms, on each bearding line square 
from the perpendicular to the transoms, then by joining 
these two points we obtain the after part of the transom 
amidships. Again, in the sheer plan, observe the inter- 
section of the upper edge of the transom with each but- 
tock-iine. Take the distances of these intersections firom 
the perpendicular to the transoms ; transfer the said dis* 
tances to the plan of the transoms, by setting them off 
from the perpendicular to the transoms on the correspond- 
ing buttock- lines. A curve line passing through these 
spots will give the form of the upper after-edge of the 
transom. The accuracy of this curve may be tested thus. 
In the body plan, take the distances from the middle line 
of the intersection of the upper side of the horizontal tran- 
som with each square timber, transfer these distances from 
tlie middle line on each square timber in the plan of the 
transoms ; the spots so obtained ought to correspond with 
the curve drawn by means of the buttock- lines. 

To lay off a transom which has a round-up and a sheer, Transoma 
it should be understood that the mould given to the work- with a 
men for trinuning the transom to its round-up is generally round-up 
a circular arc, applied square to the sheer; and that the*"*^*^'^*'" 
mould for trimming it to its round-aft is applied fiat upon 
and bent round its upper surface. 

In the sheer plan, at the height of the intersection of the 
middle of the transom with the fore part of the rabbet of 
the post, draw a line to the sheer of the transom. Con- 
tinue this sheer line until it meets the perpendicular to the 
transoms, at which point draw a line downwards at right 
angles to the sheer line. Fig. 31. 

In the body plan, at the height of the upper side of the 
transom amidships, draw a level line ; draw also a circular 
arc to the round-down of the transom, square to the sheer, 
the before-named level line being a tangent to this arc ; 
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I^yixigOfilat each buttock-line take the distances of the level line 
^^"''v-*^ from the arc, and set them off in the sheer plan, upon the 
line drawn square to the sheer of the transom, below the 
point of intersection of the square and sheer lines. From 
these points draw lines paraUel to the sheer, and where they 
cut the corresponding buttock-lines, draw a curre which 
'will represent the round-down of the transom below the 
sheer. To transfer this curve to the body plan, level in 
its intersection with each buttock-line in the sheer plan to 
the corresponding buttock-lines in the body plan ; through 
the points thus obtained pass a curve. To delineate the 
curve in the plan of the transoms to which the mould is 
to be made, proceed thus. In the sheer plan, observe the 
points of intersection of the sheer-lines with. the buttock- 
lines ; take the distances of these points in the direction 
of the sheer to the line drawn at right angles with the 
sheer. Transfer these distances to the plan of the tran- 
soms by setting them ofi* on each buttock-line, , from the 
perpendicular to the transoms. Through the points thus 
obtained pass a curve, which will represent the mould for 
the upper afler-edge of the transom. This curve may be 
corrected, by means of the square timbers, on the principle 
before explained with respect to the horizontal transoms. 
We may here remark, that, strictly speaking, the buttock- 
lines in ^g. 32 should have been expanded, by taking their 
distances from the middle line in the body plan round Uie 
curve of the transom, and transferring them to the plan of 
the transoms. But as the variation would be very trifling, 
this operation is unnecessary in practice. 
Laying off To lay off a cant-transom. In the sheer plan, from the 
a cant-tran- perpendicular to the transoms, take the distances along the 
•**"*• upper side of the transom to the intersection of the upper 

side with each buttock-line and with the bearding line. 
Set these distance^ off in the plan of the transoms, on the 
corresponding buttock and bearding lines, from the per- 
pendicular to the transoms. A curve through these spots 
will give the form of the transom. 

To test the accuracy of tliis curve, in the sheer plan 
project the heights of the intersections of the upper sides of 
the transom with the square timbers and buttock-lines, to 
the corresponding timbers and buttock-lines in the body 
plan. A curve passed through the spots thus obtained will 
represent the transom in the body plan. Next, in the sheer 
plan, from the perpendicular to the transoms take the cant 
distances of the intersections of the transom with the square 
timbers and with the fa^ion-piece. Set off these distances 
in the plan of the transoms, from the perpendicular to the 
transoms, and througli the spots dratr lines parallel to 
the said perpendicular In the body plan take the horizon- 
tal distances from the middle line, to the intersections of 
the transoms with each square timber and square fashion - 
piece. Lastly, in the plan of the transoms set off these 
distances from the midaie line on the lines just drawn, pa- 
rallel to the perpendicular of the transoms. The spots 
thus obtained should correspond with the curve previously 
drawn by means of the buttock- lines. 
Bevellings The bevellinss of the transoms may be taken in the sheer 
oftbetran-pian from the buttock-lines, by placing the stock of the 
•^n**' bevel in the direction of the upper surface of the transom, 
and the tongue in the direction of the buttock-line. In 
this case the stock of the bevel must, when applied, be placed 
in a fore and afr direction. 

If it be thought more desirable to set off the bevellings 
square to the curve, it will first be necessary to lay off the 
under sides of the transoms, as before described with re- 
spoct to their upper sides. This being done, in the plan of 
the transoms take the shortest distance apart of the upper 
and lower sides of the transom, at any assigned station. 
This distance denotes how much the transom is under a 
square in its depth, and therefore determines tlie bevelling 
at the assigned station. 



With respect to the wing-transom, it must be observed. Laying Offi 
that the margin is of a parallel depth all round. The ^^ J^r'""^^*^ 
veiling of the margin conforms to the direction of the ^^re^^^" **J 
side of the rabbet of the post. Below the margin the be-^jp^^j^f" 
veilings are taken as before described. 

Moulds may be made to the after lower edges of the Moulds to 
transoms, which moulds are applied on the under surfaces,*^* "*»- 
through the spots obtained from the bevellings. wma. 

We shall next proceed to lay off the side counter-timbers. Laying off 
We have already explained the manner of obtaining the**** •'*^ 
projection of the after edge of the side counter-timber >n^ij^'" 
the sheer and body plans. The fore edge is drawn in the 
sheer plan by setting off from the after edge the intended 
size or moulding of the timber. To draw the fore edge in 
the body plan, square down from the sheer plan the points 
where it cuts the various level lines, to the corresponding 
level lines in the half-bfeadth plan ; take the half- breadths 
of the ship at the points thus obtained, and transfer those 
half-breadths to the body plan on the corresponding level 
lines. Hence we obtain the projection of the fore edge of 
the side counter-timber in the body plan. . 

Now it is evident that the lines in the sheer plan repre- 
senting the fore and after edges of the side counter-timber 
do not give its true form, and that, on account of the tum- 
bling home of the side, a mould made to the above lines 
would be sliorter than the timber itself. Hence it becomes 
necessary to expand the timber, by making it revolve on a 
horizontal axis at the heel until it becomes vertical. This 
process is thus performed. In the body plan draw a straight 
line, about three fourths of an inch from the upper and lower 
part of the fore edge of the side counter- timber, as seen in 
fig. 33, Plate CCCCLIII. This straight Ime represents 
the upper side of the mould ; its lower end terminates on 
the level line of the wing-transom at the side ; it is marked, 
in figs. 31 and 33, " base.* Having all the level lines 
marked on this line, imagine it to revolve round its lower 
end until it comes into a vertical position ; mark in the 
level lines in their new situation, and transfer them to the 
sheer plan, in which plan the intersections of the edges of 
the side counter-timber with the original level lines are to 
be squared up by perpendicular lines to the new level lines. 
Through the points thus obtained draw curves for the fore 
and after edges of the side counter-timber in their expand- 
ed or vertical position. To these curves tlie mould must be 
made. 

' Next, in the body plan, take the distances along the va- 
rious level lines, from the straight line representing the 
mould, to the fore and after edges of the timber. In the 
sheer plan let the distances just taken from the body plan 
be marked upon the fore and after edges of the mould at 
the new or expanded level lines. When the mould is op- 
plied on the timber, these distances or spi lings are set off 
in the direction of the tumbling home. After the outside 
of the timber is completed, the inside may conform to the 
scantling of the top-side. 

We may observe, that instead of the spiHngs being mark- 
ed on the mould, brackets are sometimes nailed on the 
mould, corresponding to the spilings. These brackets are 
shown in fig. 31, marked b. In this case, when the outside 
of the side counter-timber is completed, the under edge of 
each bracket exactly conforms to the timber. For the sake 
of illustration, brackets are also shown in fig. 29. 

To take the bevellings of the side-counter timber from Bevellings. 
the half- breadth plan, place the stock of the bevel to a fore 
and aft line, and the tongue to the horizontal round-aft of 
the various level lines. In applying these bevellings, the 
stock is placed on the mould to the level lines, and the 
tongue is placed in the direction of the tumbling home. 

We have thus described some of the principal operations 
in laying off. We have endeavoured rather to illustrate 
the general principles than the details of the subject ; and 
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Prattical although in this short treatise many things are necessarily 

^J^^"^. omitted which are of importance, as illustrative examples 

^ of the art of laying off, it will be found to embrace all those 

points which are likely to occur in the ship- building of the 

present day, or at least render them comparatively easy. 

Practical Building* 

Ship -build- We now come to the consideration of the branch of our 
ing. subject to which the term ** ship-building^ may be correct- 

ly applied ; that is, the mechanical construction of the fa- 
bric of a ship. We have already, in the preliminary re- 
marks to the *' Laying Off,** described generally the rela- 
tive position of the principal timbers which compose the 
frame-work of the hull, and that are necessary to give the 
contour of the body. Technically speaking, it is usual only 
to apply the term timbers to the frame-timbers of a ship. 
We shall, however, for the sake of perspicuity and brevity 
of description, adopt the term as one of more general ap- 
plication, and use it to designate the larger pieces of wood- 
work which enter into the constniction of the hull. Pre- 
viously to any detail, we shall mention severally the various 
internal timbers used as supports and ties to the frame, and 
the combinations of external and internal plank by which 
it is covered. This is necessary in order to render the 
subsequent descriptions intelligible to those unacquainted 
with the technical names used in ship-building. W^ must 
also refer our readers to the plates which are intended to 
« illustrate this part of our article, for much information that 
may be more easily obtained from them than from descrip- 
tion. 
Befini- The apron is fayed (or fitted) to the ader side of the 
tionfc stem, and is intended to give 'shift to its scarphs ; the lower 
end scarphs to tlie dead-wood. The keelson is an internal 
longitudinal range of timbers, situated immediately over 
the keel, and fayed to the inside of the throats of the 
floors, its use being to give shift to the scarphs of the keel, 
and to secure the frames down to the dead-wood. The 
foremost end of the keelson scarphs to the stemson, which 
is intended to give shift to the " boxing scarph,** or con- 
nexion between the stem and keel. The after end of the 
keelson formerly scarphed to the stemson, a timber which, 
in a similar manner aft, strengthens the connexion between 
the keel and stem-post. The keelson is now generally 
rounded off short of the heel of tlie stemson, and latterly 
the boxing scarph of the stem has been discontinued. The 
additional keelsons, sometimes also called sister-keelsons, 
are timbers brought on the inside of the frame on each side of 
the keelson, to receive and to diffuse the weight of the main- 
mast. Timbers which cross the stemson or keelson for- 
ward, for the purpose of connecting the two sides of the 
ship, are called hooks. Those which are placed to receive 
the ends of the decks are called deck-hooks. Timbers which 
for a similar purpose cross the sternson or keelson aft, are 
called crutches. These hooks and crutches are frequently 
combinations of timber, or of timber and iron. They are 
tlien formed of two half hooks called ekeings, and the 
middle or connecting piece. Timbers which are fayed to 
the inside of the frame, or upon the inside plank, solely for 
the purpose of supporting the frame, are called riders. 
Timbers which in a square stern fay to the fronts of the 
transoms, and run forward to strengtlien the connexion be- 
tween the stern and the ship's side, are called sleepers. 
The two sides of the ship are prevented fh)m collapsing by 
transverse timbers called beams, which are generally con- 
nected, at their ends to the ship's side by knees eidier of 
wood or iron. The beams are spaced, first with reference 
to the ma8t.holes, to the hatchways, ladderways, or pas- 
sages from deck to deck, and other arrangements connected 
with the economy of the ship, and then in reference to the 
ports, that they may afford support to the artillery. 



Those beams which do not extend from one side of the 
ship to the other are called half-beams ; they are placed in ^ 
intervals between the beams tliat would otherwise be too 
devoid of support for the plank of the deck, which is laid 
on the upper surface of Uie beams, and called the flat of 
the deck. Timbers worked round the interior of the ship 
for the purpose of receiving the beams of the several decks, 
are called shelves to these decks ; and those timbers which 
are worked uoon the ends of the beams, and also round the ^ 
interior of the ship, are called water-ways ; thus, gun-deck 
shelf, gun-deck water-way, or upper deck shelf, upper deck 
water-way. Chocks, internally, are timbers brought under 
the ends of the beams, or under the shelf that is imme- 
diately beneath the beams, to support them, and to receive 
the bolts of the knees which connect their ends witli the 
ship's side. A chock is a name applied very generally to 
any piece of timber filling an interval, or supplying a defi- 
ciency in any of the combinations, either of timber, or of 
timber and iron. Bits are timbers projecting through the 
decks, either vertically or slightly inclined, and are used for 
facilitating the management of the ropes for the rigging. 
The riding-bits are for securing the cable when the ship is 
riding at anchor. Standards, generally, now, are timbers 
used for supports, as to the bits. On the old system of 
building, standards were sometimes placed where they could 
only act as ties, as the standard to the stem. There were 
also standard-knees on the decks, both to support and tie 
the ship's sides. 

The plank, both external and internal, is of various thick- 
nesses : a thick strake, or a combination of several thick 
strakes, being worked wherever it has been supposed that 
the frame reouired particular support ; as internally, over 
the heads and heels of the timbers ; both externally and 
internally between the ranges of ports ; and internally, to 
support the connexion of the beams with the side. 

Of the internal planking, the lowest strake or combina- 
tion of strakes in the hold is called the limber-strake. A 
limber is a passage for water, of which there is one through- 
out the length of the ship on each side of the keelson, in 
order that any leakage may find its way to the pumps ; and 
it is from this that Uie limber-strake takes its name. A 
strake of planking is a range of planks abutting against each 
other, and extending, excepting in particular cases to be 
afterwards mentioned, the whole length of the ship. 

The whole of the plank in the hold is called ceiling. 
Those strakes which come over the heads and heels of the 
timbers are worked thicker than the general thickness of 
the ceiling, and are distinguished as the thick strakes over 
the several heads. The strakes under the ends of the beams 
of the different decks, and down to the ports of the deck 
below, if there be any ports, are called the clamps of the 
decks to the beams of which they are supports; as die 
gun -deck clamps, middle-deck clamps. The strakes which 
work up to the cills of the ports of the several decks are 
called the spirketing of those decks, as gun-deck spirketing, 
upper-deck spirketing. The upper strakes of planks, or 
assemblages of external planks, are called the sheer strakes. 
The strakes between the several ranges of ports, beginning 
firom under the upper-deck ports of a three-decked ship, 
are called the channel-wale, the middle-wale, and the main- 
wale. The strake immediately above the main- wale is 
called the black strake. The strakes below the main -wale 
diminish from the thickness of the main-wale to the thick- 
ness of the plank of the bottom, and are therefore called the 
diminishing strakes. The lowest strake of the plank of the 
bottom, that of which the edge is in the rabbet of the keel, 
is called the garboard. In merchant- ships the rabbet is 
generally worked out of the middle of the side of the keel, 
and not, as in ships of war, at the upper part of the side. 
Several methods of working this garboard, and the \oweT 
strakes of the bottom, have been lately adopted, botli in the 
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PrRctical royal and in the mercantile shipping. One of these plans, 
^Bmldipg. see fig. 37, Plate CCCCLIV., called " Lang's safety keel," 
from the inventor, Mr Lang, the master shipwright of Wool- 
wich yard, has, we believe, been very extensively applied to 
the keels and garboards of steam-boats ; and several of Her 
Majesty's ships have been built with their garboards so 
worked. A represents the keelson, B the floor-timber, C 
the keel, D the outer keel, £ the false keel, F, F solid 
pieces continued fore and aft the vessel, as substitutes for 
the chocks on the floors and the planking of the bottom. 

The pieces of timber, cither secured or placed to re- 
ceive the heels of the several paasts, are called steps, as the 
main, fore, or mizen step. The heel of the bowsprit is also, in 
small ships, sometimes on a step. In general, the bowsprit 
steps on a frame- work, called the bowsprit partners. The 
frame-work of timber which is formed round the mast-holes 
in each deck is called mast-partners. Partners, generally, 
are the principal timbers in a framing formed for the support 
of any thing passing through a deck, as the masts and cap- 
stans. Carlings are pieces of timber forming a part of the 
framing for a deck, lying in a fore and afl direction, and 
from beam to beam, to receive the half beams, to aid in 
supporting the deck, and for various other purposes. Ledges 
are pieces also forming a part of the framing of a deck, ge- 
nerally smaller than carlings, and which are placed athwart- 
ships in the same direction as the beams. Coamings are 
pieces of timber generally faying on carlings, and raised 
higher than the flat of the deck, forming the fore and afl 
boundaries to openings in it, as batch or ladder ways. Head- 
ledges in the same manner form the athwartship boundaries 
to these several openings. 

The knee of the head, which has been already inciden- 
tally noticed in the laying off, is a prolongation of the fore 
part of the ship, principally of use as a security for the bow- 
sprit, which is firmly lashed to it by portions of the rigging, 
called the gammoning and the bob stays. The cheeks are 
knees fayed on each side of the knee of the head, and also 
against the bows, in the direction of the sheer, in order to 
afford support to the knee of the head. 

We do not profess that this is a perfect list of the com- 
ponents of the hull of a ship. W^e have merely enumerated 
some of the more important pieces, or combinations, of tim- 
ber, the names of which may occur again in our further re- 
marks. It would be impossible, in an article so limited in 
extent as the present, to enter much into the detail of prac- 
tical building. We shall content ourselves with endeavour- 
ing to illustrate some few general principles, which may 
guide the practical builder in his arrangements. 

There are several very voluminous works explanatory of 
the detail of practical ship-building. By far the most per- 
fect information on the practice, as it exists in Her Majesty's 
yards, will be found in the very excellent plates to Fincham's 
Outline of Ship-Building. We believe the most modem 
work on the construction of the mercantile navy is Hed- 
derwick's Treatise on Naval Architecture, which contains 
very minute details of the practical building in the mer- 
chants' yards. 
D'sturbing We shall now consider the roost important disturbing 
forces. forces which are in action, either to injure or to destroy the 
several combinations of the hull of a ship. Some of these 
forces are inherent to the form of the body, while others 
are only brought into action when the body is in motion. 
In the theoretical portion of this article it has been ex- 
plained, that when the ship is at rest on still water, the to- 
tal weight of the vessel is equal to the upward pressure of 
the water ; but it does not necessarily follow, that the weight 
of every portion of the vessel shall be equal to the upward 
pressure of that portion of water which is immediately be- 
neath it. On the contrary, the shape of the body is such, 
tnat these weights and pressures are very unequal. We 
will suppose the vessel to be divided by transverse vertical 



sections into a number of laminse o£ equal tliickness, which Practicnl 
will all be perpendicular to the vertical longitudinal section. Buildiiig.^ 
It is evident that the after lamins comprised in the over- ^ ^~^^ 
hanging stern above water, and the fore laminae comprised 
in all the projecting head, also above water, cannot be sup- 
ported by any upward pressure from the fluid, but their 
weight must be wholly sustained by their connexion with 
the supported part of the ship. The laminae towards each 
extremity immediately contiguous to these can evidently 
derive a very small portion of their support from the water ; 
but as their stations in both the fore and the after bodies 
approach towards the middle of the ship's length, a greater 
proportionate bulk is immersed, and the upward pressure of 
the water is increased ; so that at some certain station firom 
the middle of the length in each body, the upward pressure 
will equal the weight of the superincumbent lamina, and 
all the laminae comprising that portion of the body between 
these two stations will be subjected to an excess of pressure 
above their weight, tending to force them upwards, which 
upward pressure will be the greatest at the lamina having 
the greatest .transverse area of section. 

Now, as we know that the total pressure upwards is equal 
to the total weight of the vessel, this excess of upward pres- 
sure, to which the midship part of the length of the body is 
subjected, must be just equsd to the excess of weight over the 
upward pressure in the parts of the vessel before and abaft 
those laminae at which we have represented the pressure and 
weight to be in equilibrio. 

A ship floating at rest may be considered as a beam loaded 
at each extremity with a weight, and supported at two points 
in its length, which are at some distance on each side of its 
centre, while the part between its points of support is sub- 
jected to a force acting upwards equal to the sum of these 
two weights. A beam thus acted upon would have a ten- 
dency to assume a curved shape ; and it would gradually as- 
sume such a form, as the effect of the weights and forces 
overcame the rigidity of its particles. This is precisely the 
effect of the action on the ship ; and the upward curvature, 
when it docs ensue, is what is technically called ** hogging.** Hogging. 
As long as the fastenings remain unaffected from the con- 
tinued operation of the disturbing forces, and the abutments 
of the several timbers and plank composing the fabric also 
maintain their close contact, this curvature will not take 
place ; but when these become partially deranged, the up- 
ward pressure, and the downward gravitation of the several 
portions of the body, can no longer be considered as ten- 
dencies only to deterioration of the fabric, but as active 
agents in the work of destruction. 

It does not necessarily follow, from all that has been said. Sagging, 
that the hogging will give a regular curvature to the form : 
on the contrary, the various actions of the weight and pres- 
sure will produce varied effects. Thus, before the introduc- 
tion of the additional keelsons, the body firequently *< sagged," 
the contrary or opposite curvature to hogging, under the 
weight of the main-mast. 

A corresponding action to that described as hogging, takes 
place in relation to the breadth of the vessel, especially on 
account of the weight of the ordnance ; so that the central 
portion of the body is subjected to an upward pressure 
forcing it above the water, and the outer portions are strong- 
ly acted upon by their unopposed gravity immersing them 
beneath it. The effects of Uiis action will be modified by 
the form of the vessel ; longitudinally it produces the up- 
ward cunrature that we have described, and transversely it 
either tends to a separation of the sides both above and be- 
low throughout their extent, or, if the ^* tumbling home" 
be great, a separation at the main breadth and below it, and 
a collapsing of the sides above it. 

Another force tending to alter the form of the ship when Horisontal 
she is at rest, arises from the horizontal pressure of the fluid preraure ol 
on the surfiMse below the load water-section, which tends to*^® water. 
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reduce the dimensions below that plane, and therefore to 
uld to the hogging. 

Though these are the disturbing forces when the ship is 
it rest, their action is not confined to that state ; they are 
Jso in operation when she is in motion. Other injurious ef- 
ects are produced by, and belong only to» a state of motion. 
If the surface of the sea be very uneven, so that the ship's 
lassage may be over its undulations, her support becomes 
variable, and the closing forces of upward pressure and 
gravitation will have a tendency to produce a corresponding 
undulation in the body. 

When the ship is on a wind, the lee side is subjected to 
a series of shocks from the waves, the vidence of which 
may be easily imagined, from the effect they sometimes 
produce in destroying the bulwarks, tearing away the chan- 
nels, and washing a^ay the boats, &c. The lee side is also 
subjected to an excess of hydrostatic pressure over that upon 
the weather side, resulting from the accumulation of the 
waves as they rise against the obstruction offered by it to 
their free passage. These forces tend in part to produce 
lateral curvature. .Also in this inclined position the forces 
which, when she is upright, tend to produce hogging, now 
partly contribute to produce lateral curvature. By experi-i 
roents made on Her Majesty's ship Genoa, in the year 1823, 
by Mr Moorsom, formerly a member of the late School of 
Naval Architecture, he ascertained that this lateral curva- 
ture amoimted to one inch and a half on each tack, making 
an alteration of form to the extent of three inches, from 
being on one tack to being on the other. 
Tennon of The strain from the tension of the rigging on the weather 
the rigging, gj^e when the ship is much inclined, is so great as frequent- 
ly to cause working in the top-sides, and sometimes even to 
break the timbers on which the channels are placed. 
Taking the Ships also, especially those designed for the service of 
ground, commerce, are liable, either from intention or from accident, 
to take the ground. This contingency must be provided 
against, as has been already mentioned, in the laying off; 

These are the principal disturbing forces .to which a ship 
is subjected. • It must be remembered that they are in al- 
most constant iactivity to destroy the connexion between 
the several parts of the fabric ; and that whatever ** work- 
ing " may be produced by their operation, tends most ma- 
terially to increase their effect ; because the disruption of 
the close connexion between the several parts admits an 
increased momentum in their action on each other, and 
the destruction proceeds with an accelerated progression ; 
while the admission of damp, and the unavoidable accumu- 
lation of dirt, soon generate fermentation and decay. To 
make a ship strong, is at the same time to make her dur- 
able» both in reference to the wear and tear of service, and 
the decay of materials. But there is one very important consi- 
deration which should be remembered in the construction 
of all fabrics with so perishable a material as timber ; it is, 
that all strength beyond that which is necessary to insure 
durability to the fabric equal to the durability of the ma- 
terial, is a waste both of labour and material ; or, in other 
words, if a ship, built at an expense of L.40,000, will last 
twelve years, it would be false economy to expend L.60,000 
in buil^g one to last fifteen years. 

If, by any means, the durability of wood should be much 
increased, it would be also necessary to increase the strength 
of the ships built of it, that the durability of the construc- 
tion might equal the durability of the material. 
Hogging as We see from this outline, that the forces which cause the 
it aSfects hogging, which are the most important disturbing influ- 
the stnic- ences, commence their action at the moment of launching 
of the ship, and are thenceforward in constant operation. 
This curvature can only take place by the compression of 
the materials composing the lower parts of the body, and 
by the elongation of those composing the upper parts. 
We therefore have to determine the divisional line sepa- 



ture. 



rating these two actions, and to form the combinations Practical 
above and below this line, to offer opposition in accordance Building. 
to the different directions of the strains to which they will ""^—v^*^ 
be subjected. Dupin, in his able paper on Seppings' Diago- 
nal System, fixes this line of inaction at about the surface 
of the water. According to the accepted theory of the 
strength of bodies, it would be situated lower than this in 
large ships ; but the horizontal pressure of the water, al- 
ready mentioned, makes the case of a body supported on a 
fluid an exception, and the station assumed by Dupin must 
approximate nearly to the correct position. 

The portion of the ship about the surface of the water 
must therefore be considered in tlie light of a foundation to 
the fabric, and should be strengthened, not only to resist 
the inequalities of the strains to which it will be itself sub- 
jected, especially when the ship is in motion, but also to 
constitute it a firm basis, from which to extend supports to 
those portions of the hull both above and below it, that will 
be subjected to yet greater disturbing forces than itself. 

In order to resist the tendency to hogging, the object of 
the ship-builder should be to form an incompressible mass 
below this line of inaction, and to render the body rigid 
and inextensible above it ; hence the immense advantage 
gained from Sir Robert Seppings' plan of filling in the 
openings in the lower part of the frame, and especially of 
the plan which he introduced of filling them with cement 
that so far exceeds any timber in hardness. The various 
abutments of this part of the body should be as closely fay- 
ed as possible. In the dead-wood the bait of the shi^ 
should all be cut off square to the joints, and the abutting 
surfaces multiplied by the interposition of dowels in these 
joints, the abutments formed by which are certain, and hence 
the advantage of dowelling the keelson, rather than scor- 
ing it over the floors. In this part of the body the length 
of the scarphs is not of so much importance as the close 
abutment of the lips, to insure which the scarphs should 
be keyed. The keel scarphs are an exception to these re- 
marks, as they require additional and different security, from 
being external openings. 

The tendency of the hogging will be to alter the angles 
formed by the post and the stem with the keel ; therefore it 
is necessary to strengthen the connexions of these timbers 
by every means which will oppose this tendency, as elon- 
gating all the shifts, hooking all the scarphs, and judiciously 
distributing and supporting all the fastenings. Hence the 
advantage of a dead-wood knee, as adding roost considerably 
to the strength of the connexion abaft, and enabling a more 
regular and advantageous application of the bolts to be 
made. This object of strengthening the connexion of the 
post and stem with the keel, is therefore the consideration 
to be attended to in shifting the after shifts of the after dead- 
wood and the sternson, and in shifting the fore dead-wood 
with the stem, apron, and stemson, and also in disposing the 
fastenings which pass through these timbers. The old plan 
of running tlie keelson aft to scarph with the stemson add- 
ed materially to the tie. Another important support to the 
stem in line-of-battle ships, is a carling brought up under 
several of the after beams of the gun-deck, and secured to 
them ; its after end being connected to the head of the 
stemson by side-plate knees. 

There is more necessity for attention to the support of 
the stem than to that of the bows, because, when a ship is 
under weigh, the after part beneath the water, as it has been 
already explained, is aeprived of much of the pressure to 
which it was subjected when at anchor, and therefore the 
effect of the gravitation is less opposed. Hence also the 
" cambering," or curving outwards, of the stem-post The 
cambering of the post might, however, be greatly prevented, 
by a tie-bolt connecting it with several of the after beams 
of the lowest deck, among which the strain would be dif- 
fused by the carlings between them* This might now be 
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Practical done even in line-of-battle ships,. as they carry their orlop- 

Building, beams right aft- 

'^*''^*''^**' Since compression is the action to which the lower part 
of the body is subjected, we see the evident inutility of sa- 
crificing economy in order to obtain length of shift for the 
plank of the bottom, or, indeed, of making any great sacri- 
fice of plank for this purpose below the surface of the water, 
excepting for the foremost and aftermost shifts, at tlie bluff 
of the bow, and under the buttock. 

The deck below the water, that is, the orlop, in ships of 
the line, and the lower deck in frigates, though near the 
neutral line, are below it ; and therefore the action to which 
they are subjected is compression, to resist which the ranges 
of carlings should be maintained from one extremity of the 
vessel to the other, and all their abutments should fit as 
closely as they can be got in place. 

We have mentioned the keel scarphs as an exception to 
our genera] remarks. They are usually in England verti-^ 
cal scarphs, with coaks raised in the lip-ends of the scarphs, 
to fit into mortices sunk for their reception in their but- 
ends. These coaks serve as a stop to the caulking, and, in 
connexion with the scarph -bolts, are well devised, in the 
event of the curvature of the keel, to enable the scarph to 
partake of it, and to prevent leakage. In France, and gene- 
rally in the foreign yards, the scarphs of the keel are hori- 
zontal. Very lately the horizontal scarphs have been adopt- 
ed in the English service. We consider the vertical scarph 
much to be preferred, for the reasons above stated. 

In those parts of the ship situated above the line of in- 
action, every means should be taken to multiply longitudi- 
nal ties. Since, in order to resist compression in the lower 
parts of the body, the openings are filled in, and form a solid 
mass ; to produce the opposite effect, that is, to enable the 
frame to resist extension, it should be chain-bolted together 
towards the upper parts of the body, wherever the continuous 
range of bolts can be placed not to interfere with the in and 
out fastenings ; as opposite the openings between the shelf 
and water-way of the several decks just above the scuppers. 
This plan has been pursued in several of the modem ships. 
The shifts of the different wales, spirketings, and clamps, 
should be long, the regular shift of the buts most carefully 
maintained, and the buts of the inside assemblages made 
to give shift to the buts of those outside. Sir Robert Sep- 
pings' plan of supporting the fastenings, and compensating 
for the weakness of the buts in some of the principal as- 
semblages of plank, by dowels into the timbers in the strakes 
immediately above and below the buts, is of great utility. 
Also the plan of connecting several strakes together by tie- 
bolts placed opposite the openings between the timbers in 
the frame, where they could not interfere with any fasten- 
ing, was admirably adapted to diffuse strength, and to pre- 
vent longitudinal working of the planks, or the sliding of 
one edge past another, from any partial weakness. These 
might advantageously be much more extensively applied 
than was contemplated in the instructions issued by Sir 
Robert ; indeed, to all the internal assemblages of plank in 
which they can be driven. 

TH plank- Plank is either worked in parallel strakes, when it is called 

^S- " straight-edged," or in combinations of two strakes, so that 

every alternate seam is parallel. There are two methods 
of working these combinations, one of which is called ** an- 
chor-stock," and the other " top and but" The difference 
in their appearance will be best seen by a reference to 
Plate CCCCLVIIL, fig. 43. The difference in the intenUon 
is, that in the method of working two strakes anchor-stock, 
the but of one strake always occurs opposite to the widest 
part of the other strake, and there is consequently the least 
possible sudden interruption of longitudinal fibre arising 
from the abutment ; therefore this disposition of plank is 
used where strength is especially desirable. In top and 
but strakes the intention is, by having a wide end and a nar- 



row end in each plank, to approximate to the growth of the {!^^l"*^ 
tree, and to diminish the difficulty of procuring the plank. ^BuUdm^ 

The shift of plank is the manner of arranging the buts ^^" 
of the several strakes. In the ships of the royal navy the 
buts recur with intervals of three whole strakes between. 
In merchant-ships there are oflen not more than two whole 
strakes between the recurrence of the buts. The regula- 
rity of the shift of plank is far more carefully maintained 
in English building-yards than in those abroad. 

The fastening of the plank is either " sinele," by which 
is meant one fastening in each strake through each timber 
of the frame which it crosses ; " double," or two fastenings 
in each timber ; and " double and single," meaning alter- 
nations of the double fastening in one timber with the single 
fastening in the next. 

This fiistening consists generally either of nails or tree- 
nails, excepting at the buts, which are secured by bolts. 
Several other ho\is are driven in each shift of plank as addi- 
tional security. These additional fastenings are far more 
plentifully difiused in the royal yards than in those of pri- 
vate builders. Whatever system of securing the plank may 
be determined upon, great care should be taken to guard 
against a repetition of fastening, which will otherwise occur 
firom the various bolts that will come through the bottom as 
securities to the riders, shelves, water-ways, knees, and bolts 
connected with the service of the guns. These bolts should 
evidently, for economy, and also for the sake of avoiding 
unnecessarily wounding the timbers, supply the place of the 
regular listenings of the plank. 

Before copper sheathing was introduced, iron was used 
for fastening. Since then, either bolt-nails cast of a mixture 
of zinc, copper, and grain tin, technically called " metal," 
or pure copper bolts, are used in addition to the treenails. 
Experiments are now being made in Holland to protect iron 
bolts, used for fastening the plank on ships' bottoms, from 
the galvanic action induced by the copper. The bolts are 
punched within the wood, and covered with a cement made 
of equal parts of lignum vitse saw-dust, smiths' ashes, and 
<< minium." In France also several ships' bottoms have 
lately been iron-fastened, with Roman cement over the 
bolts ; they were then felted and sheathed, the sheathing 
being secured with copper nails, and the bottom afterwards 
coppered. This inquiry as to the possibility of applying 
iron for the fastening of ships in connexion with the copper 
sheathing, is of great importance, as, independently of the 
difference in the expense of the two metals, the difference 
in their tenacity is as 995 to 546, or copper is only about 
^ths of the strength of iron, or little more than one lialf. 

The plank in the royal yards is not usually permanently 
fastened for some time after it is trimmed and brought on 
to the bottom of a ship, but is temporarily secured by 
Blake's screws, and allowed to season and shrink. About 
one strake in eight or ten is left out for the purpose of 
making good the shrinkage and refaying the strakes. With- 
out this precaution there would be such an alteration of 
edge as would throw the holes made for the temporary se- 
curities out of the ranges of tlie strakes ; but this precau- 
tion being taken, it is very seldom that the alteration of 
edge is such as to require new holes, especially as the iron 
screw eye-bolts used for this temporary fastening are of 
much smaller diameter tlian the permanent treenail fasten- 
ings and therefore the holes for the screws will make good 
holes through the plank for the treenails. 

This method of securing the planks in a temporary man- Temporary 
ner is of immense advantage in enabling them to be brought ^teniiig. 
into close contact with the timbers, in the saving of bolt- 
fastenings, and in causing a good and regular seam to be 
given for tlie caulking. 

The circumference of the bottom being much larger at , 
the midship part than towards the extremities, that is, at ^ 
the bow and buttock, the lines for the strakes of plank must 
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Practical doBe, and the strakes taper as they recede from midships. 
Building.^ They also acquire an upward curve, called " sny," which 
"^^ renders it difficult to work the plank. When the sny be- 
comes too great, a strake is ended short of the rest, and 
this is termed a *' stealer," as it diminishes the sny for the 
succeeding strakes. Under the buttock it is oflen neces- 
sary to work some of the afler plank wider at the after end, 
which has the same effect of diminishing the sny of the fol- 
lowing strakes. " Hang" is the exact reverse of ** sny." 
It mostly occurs in working plank on the inner surface of 
the timbers, and outside above the main breadth. 

The various plans for fastening the plank and for secur- 
ing the buts will be most easily understood by a reference 
to Plate CCCCLVIII. fig. 43. 
Caulking. When the plank is worked and fastened, the seams, or 
the intervals between the edges of the strakes, are filled 
with%akum, or " caulked," with such care and force, that 
the oakum, while undisturbed, is almost as hard as the plank 
itself. If the openings between the strakes were of parallel 
width throughout the thickness of the plank, it would be 
impossible to make the caulking sufficiently compact to re- 
sist the water. The inner part of the edges of contiguous 
strakes should be in contact throughout their length, and 
from this contact the edges should gradually recede from 
each other to the outer surface of the plank, so that at a 
thickness of about ten inches they would be about -{^ths of 
an inch apart ; that is, about -r^g^th of an inch seam for every 
inch in thickness of plank. The practice in the royal yards 
is to allow a double thread for every inch in thickness of 
plank, and an additional double thread for every five inches ; 
besides which, one, or sometimes two, threads of spun-yarn 
are driven in as a bottom to the oakum. In the merchant- 
yards on the Thames, and where the larger merchant-ships 
are built, the caulking is nearly the same as in the govern- 
ment establishments. But in the smaller ships built at the 
outports, the oakum is seldom ** bottomed" home to the 
inner edge of the seam, the consequence of which is, that 
the uncovered edges of the planks decay, and the second 
caulking drives the oakum through, after which the seams 
cannot long be kept tight. 

It is the generally received opinion, that however the 
French may have excelled us in designing the body of a 
ship, our practical building has always been incomparably 
superior to theirs. In so far as ^e skill of the workman is 
involved in this opinion, we believe it to be strictly correct 

The workmanship of English mechanics is probably un- 
rivalled, certainly not surpassed by that of any other me- 
chanics in the world, either in solidity or in neatness of exe- 
cution ; but we cannot in justice urge the claim of supe- 
riority further. 

However weak the French prizes taken during the last 
century may have been from defective workmanship, the 
materials were in several instances much more judiciously 
combined for the purpose of obtaining strength than in the 
contemporary ships in our service. Indeed it was not un- 
til after Sir Robert Seppings became surveyor of the navy, 
that the absurdity of having the sheer of the ship and the 
sheer of the ports different from each other, was disconti- 
nued. The effect of this difference in their sheer was, that 
the assemblages of thick strakes brought round the sides 
for the purpose of strengthening them, were actually cut off 
from being crossed by the sheer of the ports. In the ma- 
jority of- the French and Spanish ships taken at so early a 
period as the middle of the last century, the sheer of the 
ports was the same as tlie sheer of the ship, consequently 
the whole strength of the thick strakes was preserved. The 
shelf was also originally copied from the French; and 
though they have now discontinued it, it was at the period 
of its introduction an important improvement. Also we 
have only followed them in the adoption of iron knees for 
the security of our beam-ends. In maiung these animad- 



versions, we speak wholly of the past. For many years Bri- Practical 
tish ships have been unequalled for strength, as well as for Building. 
perfection, of workmanship '*"*'^v^-^ 

It has become almost a fashion to decry the improve- 
ments introduced by Sir Robert Seppings. It would be well, 
perhaps, to remember the complaints continually made, of 
the weakness of the ships before he became surveyor of the 
navy, and to contrast the fleets of England at that time 
with the fleets which he left in the service when he relin- 
quished the surveyorship. There is no doubt that many of 
his plans were imperfect, and are susceptible of great im- 
provement. No change ever yet was made, or ever will 
be made, that was not and will not be susceptible of yet 
further improvement. 

We have already mentioned the decks which are situated Decks, 
below the line of non-action ; those above it must all be con- 
sidered as most valuable longitudinal ties. Their sheer has 
been most properly much diminished within these last twen- 
ty years. It is evident, that for rigidity, decks without any 
sheer would be advantageous. The sheer was probably given 
them to facilitate the run of water to the scuppers, and may 
perhaps be desirable for this purpose ; but certainly, as 
strength is lost by their curvature, the sheer of the decks 
should be as little as possible. It may be objected, that 
perfectly straight decks would be injurious, or at least very 
unsightly, in the event of hogging taking place. The ob- 
jection is not valid; strength must not be sacrificed in order 
to prepare for the occurrence of a contingency which we are 
endeavouring to prevent, and which evidently may be pre- 
vented for a great length of time, since the various improve* 
ments introduced during the last five-and-twenty years have 
certainly almost wholly prevented the weakness in ships, 
which was before such a source of constant complaints. 

The only consideration, in fastening decks, is to preserve Fastening 
their contact with the beams, and to withstand the action decks, 
of caulking : more than enough to effect this object is use- 
less, and therefore the numerous bolts introduced with the 
system of diagonal decks were unnecessary. It may pro- 
bably be proper to observe, that the harder the material 
used for the flat of decks, the greater should the quantity 
of fastening be, as there will be less yielding of tlie edge to 
the caulking ; and although it is usual to allow more seam 
for caulking planks of a hard than of a soft ipaterial, the 
caulking will bring far more strain on the fastenings of the 
harder than on those of the softer ; besides which, strictly 
speaking, though it is not practically expedient, seam should 
depend upon thickness alone. It may not be improper to 
mention here, that the quantity of fastening must increase 
with the thickness of the plank, whether of deck or bottom, 
which is to be secured ; for the set of the oakum in caulk- 
ing will have the greater mechanical effect the thicker the 
edge. 

The diagonal deck, whatever advantage it might have Diagonal 
been presumed to possess in other respects, was certainly adecL 
great loss of strength in as far as longitudinal tie was in- 
volved, and, we consider, has been most judiciously discon- 
tinued. The rapid deterioration arising from the wear oc- 
curring across the fibre of the wood, with the additional in- 
convenience, that the partial wear along the working pas- 
sage of the deck, by crossing every strake, invoWes the 
shifting the whole flat, is alone a strong argument against 
any alteration in the system of laying the strakes of deck 
fore and aft. Mackonochie proposed to lay decks in three 
layers, one diagonally from starboard to larboard, another 
diagonally from larboard to starboard, and an upper layer 
fore and aft. He also proposed a somewhat similar system 
for the outside plank, from the garboard to the wales. Mer- 
chant-vessels have been built in America, and boats and 
steam-vessels in this country, on this system of layers of 
planks laid diagonally. 

Sir Robert Seppings was apparently aware of the import- 
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Practical ant tie which a deck is to a ship, as he retained some of the 
Building, midship-binding strakes, and introduced dowels to render 
^^^^^ their connexion with the beams and with the extremities of 
the vessel more perfect and more unyielding than could be 
effected by the old plan of scoring down, with its attend- 
ant evils from the shrinkage of the materials and neglect of 
workmanship. 

The aflermost and the foremost beams of each deck 
might be advantageously made to afford support to the pro- 
jecting bows, and especially to the raking stems of the mo- 
dem ships, by connecting the bow and stern timbers to 
them at each deck by long tie-bolts passing through se- 
veral beams, clenched on the afl side of the aflermost for- 
ward, and on the fore side of the foremost of them afl. 
These beams should have several ranges of carlings let 
down between them, to diffuse the strain. This would 
be far preferable to forelocking the bolt on the fore side 
of each beam ; first, because, generally speaking, the strain 
would only fall upon one beam, that which was most close- 
ly forelocked; and, secondly, because by experiment we 
find that the size of the bolt being the same, the forelock 
would give way, or the bolt break at the forelock-holes, 
under about one half the strun which the clench would 
withstand. 

Several Dutch ships have been built with a round-up to 
the decks in the direction of the length ; the keels of the 
same vessels were built to sag or curve downwards towards 
the midships of the length, and the fore and afler extremi- 
ties were so constmcted that the longitudinal vertical sec- 
tion should form an elongated ellipse. Only steam-boats 
' have, we believe, ever been buiU on this plan. 
' Beams. The beams which support the deck have a curve upwards, 

in the direction of their length, to the middle of the ship, 
called the " round-up." This is for the purpose of strength, 
and for the convenience of the run of water to the scuppers. 
Beams are single piece, two, three, or four piece (Plate 
CCCCLIV., figs. 39, 40, 41, 42), according to the number 
of pieces of timber which are combined to form them. The 
several pieces are scarphed together, and coaked and bolted, 
the scarphs being always vertical. Hooked scarphs, with 
keys of hard wood or iron driven in, to bring the buts in 
close contact, have been lately introduced with much advan- 
tage in great additional neatness of appearance, great reduc- 
tion of weight, and consequently of materials and expense, by 
Mr Edye, the master-shipwright of Pembroke yard, fig. 38. 
Iron ftppli* It is rather surprising, that in the very general applica- 
ed to ship- tion of iron for ship-building, the wooden beams which oc- 
building. j.„py gQ much space between deck and deck, and so mate- 
rially contribute to the height of the vessel above the wa- 
ter, have not either been superseded by beams of iron, or 
at least by wood beams of much less moulding, to which 
the necessary rigidity might be given by iron plates at their 
sides. An objection to beams wholly of iron would arise 
from the great expansion and contraction of that metal un- 
der variations in its temperature. 

The beams of ships are supported at each end, and the 
strain to which they are subjected is a downward pressure ; 
consequently the upper part of the beam must compress, 
and the lower fibre elongate, before there can be any alte- 
ration in the curvature. It is desirable therefore that the 
fibre of the wood towards the lower part of the beam should 
not be wounded, and that, whether for the purpose of se- 
curing the beam, or of security to the beam, no incision 
should be made, excepting in the upper, or compressed, 
ranges of the fibre, which may be cut through, according 
to Du Hamel's experiments, one half, and according to 
Professor Barlow's, five eighths, of their depth, without im- 
pairing the strength. Nay, if the carling or material to be 
inserted in the score be of harder texture than that which is 
removed, the strength is increased. 

The connexion oil the ends of the beams to the sides of 



the ship has afforded scope for the display of much ingenui- Practical 
ty. Wehaveinourplates(CCCCLV:andCCCCLVIII.) BuildmR. 
given sketches of those plans which have been adopted in n^"^'^'^ 
the navy of England, and also of several taken from foreign ^f ^^ 
works or observed in foreign yards. There are three things ends to 
to be considered in the connexion of the beam with the ship's side, 
side : that it shall act as a shore to prevent the sides from 
collapsing ; as a tie to prevent their falling apart ; and be 
perfectly rigid, that there may be no working. i^^^ 

That the beam may be an effective shore, nothing more 
is necessary than that the abutment of the end against the 
ship's side may be perfect In order to constitute it a tie 
between the two sides, it is generally dowelled to the upper 
surface of the shelf, and the under siurface of the water-way 
is dowelled to it These dowels connect it therefore with 
the fastenings of the shelf and water-way, which pass through 
the side. There is also in the ships of the royal navy a 
plank called a side- binding strake, scored down over and 
into the beam-ends, at some distance from the side, and 
bolted through the side between the beams. The scoring 
into the beams connects the in and out fastening of this 
strake with the longitudinal tie of the beam. There are 
also the various bolts forming that part^f the fastening of 
the beam-ends, whether in the knees or in the chocks, which 
passes in and out through the ship's side. 

It will be very easily conceived, from the short outline 
which we gave of the disturbing forces acting on a ship, 
that the strain on the ends of the beams to destroy the ri- 
gidity of their connexion with the side must be very great 
when the ship is under sail either on a wind or before it, 
that is, either inclined or rolling. 

The principal action of these forces is to alter the verti- Forces to 
cal angles made by the beam and the ship's side ; and it will which tbey 
be seen that the action is alternately to decrease and to in- *J? subject- 
crease the angles made by the beam and the part of the 
side below it, or, what is the same thing, alternately to in- 
crease and decrease the angles made by the beam and the 
ship's side above it Now tlie first of these actions takes 
place on the lee side ; the gravitation of the weather side, 
and all connected with it, of the deck and every thing upon 
it, as well as the upward pressure of the water, all tend to 
diminish the angle made by the beam and the ship's side 
below it, and increase the angle made between them above 
it The contrary effect is produced on the weather side, 
the angle above the beam being closed, and that below 
opened. 

In investigating the nature of the action of these forces. Beams con- 
we shall find that in each case the beam may be considered sidered u 
as a lever. The power being supposed to be applied at the^®^^"* 
opposite end of the beam to that at which the forces under 
investigation act, the weight being the fastening applied to 
prevent alteration in the angle formed by the beam and the 
ship's side, and its action being supposed to take place at 
the point in which it should be applied to produce the most 
advantageous effect 

The lever is of the first order, that is, with the power and Effect on 
weight on opposite sides of the centre of motion or fulcmm, lee^beam 
when its effect on the lee arm is considered ; and it is of JJ™' 
the second order, that is, with the power and weight on the JJ^j^b^ 
same side of the fulcrum, when its effect on tlie weather arm.' 
arm is considered. 

The object in securing the beam-ends in each case should 
be to diminish the effect of the power and increase that of 
the weight We lessen the effect of the power by dimi- 
nishing the distance between the point at which it acts and 
the fulcmm, and we increase the effect of the weight by 
increasing the distance between the point at which it acts 
and the fulcrum. In the lever of the first order, that is, 
when we are considering the action on the lee arm, this is 
accomplished by bringing the support of the under side of 
the beam, the midship side of which support is the fulcrum 
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Practical of the lever, as far from the ship's side as it can be extend- 
Buildmg. gj consistently with the accommodation of the decks ; and 
by having the weight, that is, the security to keep down 
the beam-end, as close to the end of the beam, and conse- 
quently to the shin's side, as it can be placed. 

In the lever of the second order, that is, when we are 
considering the action on the weather arm, the effect of the 
power is diminished by increasing the distance between the 
fulcrum and the weight. The fulcrum, in this case, is the 
support of the lower side of the extreme end of the beam ; 
the weight is the strength of the knee, or whatever con- 
nexion is intended to tie it to the ship's side, and maintain 
the angle invariable which is formed by them. The effect 
of this weight is increased by approaching it to the point 
at which the power is supposed to act Therefore, in order 
to resist the action on the weather arm of the beam, the 
fulcrum, which, as we have said, is the support of the ex- 
treme end of the beam, that is, the edge of the clamp or 
shelf which fays to the timbers, should be most firmly con- 
nected to them ; and the weight, which is the downward 
tie, should be extended as far from the side as it may be 
consistently. , 

The difference of the action to which the two arms are 
subjected, points out therefore at once the principle which 
should guide us in all plans for connecting the beams to 
the side, and it may not be useless to recapitulate our con- 
clusions. 

The action on the lee arm requires the extreme end of 
the beam to be closely tied down, either to the clamp or the 
shelf, as the case may be, and which is necessarily pre- 
sumed to be firmly connected to the ship's side. This ac- 
tion also requires the centre of motion to be extended far 
from the side, in order to diminish the effect of the power. 
Therefore, the downward fastening close to the ship's side, 
and the upward support far removed from it, is that which 
is necessary in this case. 

The action on the weather arm requires an exactly different 
disposition of the securities. The extreme end of the beam 
is here the centre of motion, and is the part which ought 
to be supported ; and it is the downward tie which should 
be as far extended from the side as may be consistently. 

It may be urged against these views, first, that if work- 
ing be presumed to take place in the lee-beam arm, round 
the midship or outer edge of the shelf, the distance between 
this fulcrum and the fastenings which keep the beam-end 
down will cause greater motion in that end, and greater 
strain on the fastening ; and, secondly, that if the weather- 
beam arm be presumed to work from the side or inner edge 
of the clamp or shelf, the distance between this point and 
the fastening intended to keep the beam down, will cause 
an increased strain on that fastening. 

These objections are both true, but they do not embrace 
the correct view to be taken. The object is how to dis- 
pose the fastenings in the best possible manner, in order to 
prevent working. And this is attained in each case by ex- 
tending the distance between the weight and the fulcrum. 

In the system of building the ships of the royal navy, 
introduced by Sir Robert Seppings, the shelf was brought 
upon the clamp (m, Plate CCCCLV.) ; it is now worked 
home to the timbers (V, k, /), and its fi'ont is therefore less 
extended from the side. One joint, that between the clamp 
and shelf, is avoided by this method, but security to the 
beam-end is lost by it An arm of the iron knee, which 
has superseded Sir. Robert Seppings' forked knee, is ex- 
tended under the beam to compensate for this diminution 
in the width of the shelf; but unless the rigidity of this 
arm be such that the fulcrum in the case of the lee-beam 
arm, and the weight in the case of the weather-beam arm, 
be removed from the ship's side a distance at least equal to 
the diminution in the extension of the front of the shelf 
from the ship's side, the object is not attained. 



Shelf and 
damp as 
securities 
of the 
b«»zn-eod« 



One of the most perfect securities for a beam-end, in Practical 
point of principle, and combining at the same time simpli- Building.^ 
city of workmanship, which is another important requisite, pwTCTjr 
especially in all iron work, is the plate-bolt (a), frequently 
adopted for round-house beams, and for the lower decks of 
frigates. The extreme end of the beam is tied downward 
by bolts, and supported by the shelf, and the extended 
downward fastening is by a dog-plate. These securities, 
and the upward support afforded by the chock to that plate, 
are, according to the foregoing reasoning, correctly applied, 
but are insufficient in amount of security for the beams of 
principal decks, as the downward tie depends wholly on the 
clench of the dog-plate. Probably a strap passing round Strap, 
the beam, as shown in fig. 44, Plate CCCCL VIII., might be 
an advantageous and simple modification of the above plan. 
For easiness of execution, and smallness of expense, it would 
be better if the strap was merely bent over, and scored into 
the top part of the beam, and the ends brought down and 
fastened on the sides of the chock, which would then re- 
quire to be only of the same siding as the beam. In this 
case there could be no in and out fastening through the 
strap ; the only in and out bolts would be Uiose through 
the chock. The fastenings of the strap might be screws, as in 
the French knees (Plate CCCCLVIII. figs- 45, 46), which 
we shall describe. The disadvantage attending this sort of 
strap would be, that to obtain an equal degree of downward 
security for the weather- beam arm, the chock must be more 
extended from the ship's side than if the ends of the strap 
were brought in front of the chock, and took their own in 
and out fastening. 

The extension of the security from the side of the shipAdran- 
by means of a chock, is preferable to gaining the samet»Ke»of 
breadth by bringing a shelf on to the clamp with a chock *^®^^^^** 
under it, in so far as extending the support to the beam is 
involved ; because the chock presents *' end-grain," in which 
there is comparatively but little shrinkage, to receive the 
downward pressure of the weather-beam arm. A well se- 
cured and firmly supported clamp is sufficient to resist the 
downward pressure of the weather-beam arm ; and if this 
clamp be of a sufficient thickness to receive the up and down 
bolts through the water-ways and beam- end, that is all that 
is indispensable, and this would be little, if any, addition to 
the thickness of clamp already usually worked. We there- 
fore doubt much whether the shelf might not be advanta- 
geously discontinued, and substituted by a clamp with 
chocks under the beams, stepping on the projecting edge 
of the spirketing. We shall speak of the support to this 
clamp when we consider the short stuff between the ports. 
Of course this change presupposes a maximum of advan- 
tage to be derived from all the other combinations for 
strengthening the side. 

An objection is urged against chocks, which is, that they Objections 
occupy space against the ship's side ; but they afford a to chocks, 
security to the beam-ends which cannot be well obtained 
without them ; and it is questionable whether the foundation 
of the objection is correct, because the continuous breadth 
of shelf should also be considered, and that effectually pre- 
vents a man's standing erect close to the ship's side, while 
the obstruction from the chocks is only partial, with inter- 
vals between. 

Roberts' plate-knee (d, Plate CCCCLV.) is a very Roberts' 
strong method of fastening, as a preventive to any alter- plaie-knee. 
ation of the angle formed by the beam and the side, pro- 
vided the in and out security of the chock to the side is 
sufficient to resist the strain that is brought on it. These 
knee-plates, together with up and down bolts in the beam- 
ends, fulfil all S\e requisites for a correct mode of fastening, 
unless it may be the objection against the chock which we 
have stated. The great objection which has been urged 
to their use arises from the fore and aft bolts through the 
beam, which, it is said, are liable to split tlie beam-end. 
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Practical AH fore and aft bolts through the beam-end, as they do not 
*-^!^"!^'- P*^ through the fulcrum round which the beam would 
^^~ work, are nearly equally liable to this objection, whether 
they occur in the same ranee of fibre or not, because when 
motion ensues they must all act to split the beam-end. But 
we have already said we do not consider this line of argu- 
ment should be urged. The occurrence of working should 
not be presupposed in determining securities to prevent it, 
because such a course would frequently militate against the 
application of the most advantageously disposed preventives 
to motion ; not however that we are arguing in favour of 
fore and afl bolts through beam- ends ranking among these ; 
on the contrary, we think they should be avoided. 

The foregoing observations embrace the main outline of 
the principles which should be kept in view in connecting 
the two sides of the ship by means of the beams. 
Hooks. The bows, as we have already said, are connected by 

timbers called hooks. It is important to remember that the 
hooks above and those below the surface of the water are 
subjected to an opposite strain. The tendency of the pres- 
sure of the water on the bow is to make the sides collapse^ 
and therefore the hooks below the water's sur&ce should 
not only act as ties to the bow while the ship is grounded, 
as, for instance, when in dock, but should be formed more 
especially to resist the pressure of the water when she is 
afloat. Those hooks which are above the surface of the 
water act principally as ties, the rake of die bow and the 
gravitation of its parts tending to separate the two sides of 
the ship. These observations are of little importance when 
the hooks are of wood ; but when they are formed partly of 
wood and partly of iron, they materially affect the applica- 
tion of the iron plate. Below water it should evidently 
be brought as close to the inner surface of the bows as 
possible, and therefore on the fore side of the hook. It 
should also be secured to the wooden ekeings, independently 
of the bolts which secure the hook to the bows. Very slight 
consideration will suffice to prove, that by these means the 
utmost advantage is obtained from the materials employed, 
to resist the pressure, while at the same time they form 
a sufficient tie to support the sides of the bows when the 
ship is in dock, before launching, or aground. In made 
hooks above the water, the iron plate should be on the 
aft side, as far from the bow, and as straight as may be, 
that it may be a more effective tie. 

We shall now pass to the several systems of strengthen- 
ing the sides, and of preventing the hogging, which have 
been successively introduced. 

In the system of building which was superseded by that 
termed the diagonal system, the whole of the interior sur- 
face of the frame was planked, and a series of internal frames 
worked upon this planking, agreeing in direction with the 
timbers of the ship (Plate CCCCLVI. fig. 47). They ap- 
pear principally to have been intended to support the frame 
in the event of the ship's grounding, as they could add no 
longitudinal strength to the fabric There were about eight 
"bends" of the "riders" in three-decked ships, and six 
Vertical bends in two-deckers. There were other timbers running 
riders. up to the top-sides, called breadth, middle, and top riders. 
These were more closely spaced than the bends in the lower 
parts of the body, and were placed in a diagonal direction 
evidently only to avoid the ports. The beams were se- 
cured to the side by hanging and lodging knees of wood : 
they rested on die clamp, there being no shelf. The wa- 
ter-way was merely a thicker strake of deck gouged out, or 
** chined down," as it is technically called, from the front of 
the spirketing, to the same thickness as the flat of the deck. 
This chining down is for the protection of the water-way 
seam, by keeping it above the run of the water. There 
were different methods of shifting the bends of riders in the 
hold, several of which we have introduced in the plate. 
An enormous quantity of timber was thus massed to- 



gether, having the q)pearance of great strength ; but in Practiml 
fact, fi'om its weight, injudicious combination, disposition, BuiJdinif. 
and fastening, much of it was, if not injurious, at least use- ^"'— ""v^-^ 
less. The riders in the hold were no doubt originally ne- 
cessarily introduced when ships were " grounded" for re- 
pairs ; but that necessity has now ceased to exist. In the 
earliest drawings representing them there are *' pointers," 
or shores, extending from them at the bilge of one side, to 
the gun-deck at the opposite side of the middle line, which 
we shall presentiy refer to. 

The system we have described was partially superseded 
by single riders in the hold, scarphing to chocks under the 
orlop-beams, and running down to give shift to the floor- 
heads. The top-sides were supported by standard knees 
brought on the deck over the beams ; and the beams were 
secured by Roberts' plate-knees brought on the sides of 
chocks under the beams. 

The idea of diagonal trussing was not novel at the time 
the system of Sir Robert Seppings was first proposed : It 
may even be observed in Plate CCCCXLVI. in the vessel 
of the fifteenth century, under repair. In the plates of a 
Dutch work of the date of 1697, there are diagonal pointers 
in an athwartship direction from the floor-heads on one side, 
to the quarters of the upper-deck beam of a two-decker 
on the other. Sir Walter Raleigh also mentions this 
mode of strengthening ships ; and the Dutch author, Van 
Yk, gives the drawing as a representation of the English 
system of building at the date of the publication of his work. 
Somewhat similar also were those afterwards proposed by 
Mr Snodgrass, the surveyor of shipping to the East India 
Company, though his were to step upon the keelson and ex- 
tend to the clamps of the lowest gun-deck, and were there- 
fore less judiciously placed to resist the strain in grounding 
than those represented in the Dutch work. Diagonal truss- 
ing between the keelson and the gun- deck beams along the 
vertical longitudinal section of the ship, had also been pro- 
posed, and partial experiments of various diagonal supports 
or shores made, both abroad and in England ; but until the 
introduction of the diagonal riders and trusses by Sir Ro- 
bert Seppings, there had been no permanent results from 
these experiments. 

We quote the following description of the system from a 
paper communicated by the inventor to the Royal Society, 
and which is printed in the Philosophical Transactions for 
1814. 

** An accurate conception of the state of a ship's hold may Diagonal 
be formed by referring to the longitudinal section (fig. 48),fiameb 
which is termed the Jesuit's perspective, or bird's-eye view 
of the internal part of one side of a seventy-four-gun ship 
in a complete state, with fillings in the openings between 
the timbers of the firames, instead of the planking over 
them. 

** In this state the diagonal timbers are introduced, inter- 
secting the timbers of the firame at about the angle of forty- 
five degrees, and so disposed as that the direction in the 
fore is contrary to that in the after part of the ship (as may 
be seen in the engraving), and their distance asunder from 
six to seven feet or more ; their upper ends abutting against 
the horizontal hoop or shelf-piece of the gun-deck b^ams, 
and the lower ends against the limber strakes, except in the 
midships, where they come against two pieces of timber 
placed on each side of the keelson (called additional keel- 
sons), for the purpose of taking off the partial pressure of 
the main-mast, which always causes a sagging down of the 
keel, and sometimes to an alarming degree. These pieces 
of timber are nearly as square as the keelson, and fixed at 
such a distance from it, that the main step may rest upon 
them. They may be of oak or pitch-pine, and as long as 
can be conveniently procured. Pieces of timber are next 
placed in a fore and aft direction, over the joints of the 
frame-timbers, at the floor and first futtock-heads ; their 
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Practical ends in close contact with, and coalced or dowelled to, the 
^Building, gjjgg ^f {^^ diagonal timbers. In this state the frame-work 
in the hold presents various compartments, each represent- 
ing the figure of a rhomboid. 

^ A truss-timber is then introduced into each rhomboid, 
with an inclination opposite to that of the diagonal timbers, 
thereby dividing it into two parts. The truss-pieces so in- 
troduced into the rhomboid, are to the diagonal frame what 
the key-stone is to the arch ; for no weight or pressure on 
the fabric can alter its position in a longitudinal direction, 
till compression takes place at the abutments, and extension 
of the various ties. 

*' This arch-like property of the diagonal frame not only 
apposes an alteration of position in a longitudinal direction, 
but also resists external pressure on the bottom, either from 
grounding or any other cause, because no impression can 
be made in its figure in these directions, without forcing the 
several parts of which it is composed into a shorter space. 

** The beams are disposed in the new system nearly as 
usual, except that in midships, where a ship necessarily re- 
quires the greatest security, two additional beams have been 
introduced. 

** The beams of the several decks are attached to the 
ship's side in the following manner. 

'* isl. By shelf- pieces or internal hoops, distinguished by the 
letter £. These shelf-pieces are composed of several lengths 
of timbei*, scarphed or joined together by coaks or circular 
dowels, so as to form a kind of internal hoop, extending from 
the hooks forward, to the transoms abaft — (in the plate the 
transoms are not shown, as we have chosen the perfected 
application of Sir Robert Seppings' system, after the adop- 
tion of the circular stem into the service), — ^tothe under side 
of which, as well as the under parts of the beams, they are 
securely coaked, and being then firmly bolted to the side, 
instead of becoming a mere local fixture of the beam to the 
ship's exterior frame, as knees were, they are one continued 
and general security. The shelf-piece is also a tic to the 
top-side in a fore and aft direction, co-operating with the 
trussed frame, as already explained. 

•* 2rf/y, By chocks, represented in Plate CCCCLV. (m, o), 
which are placed under all the shelf-pieces in wake of the 
beams, except the orlop, in such a manner as to receive the 
up and down arm of the iron knees. The lower ends of 
those under the gun-deck shelf-piece step on the ends of the 
orlop-beams ; and those of the several decks above, step on 
the projecting part of the spirketing below. The chocks, 
particularly those between the orlop and gun decks, admit of 
their being driven into their respective places very tightly, 
thereby acting like pillars. Another advantage attending 
them is their great tendency to stiffen the ship's side, and 
to prevent the beam-ends from playing on the fastenings 
when the ship is rolling, or straining under a press of sail. 

** The curved iron-plate knees for securing the orlop- 
beams, and the iron forked knees of the other decks, are 
described in (n) and (m), Plate CCCCLV. 

** The tendency of the ship to stretch or draw asunder 
in her upper works being by no means obviated by the 
short planks on the inside between the ports, a truss piece 
of plank is substituted in lieu of them, which being well 
secured at the abutments, very materially aids the trussed 
frame, and gives great stiffness, thereby opposing the in- 
clination to arch or hog aloft." 

These various alterations from the old system of building 
had the effect of very greatly increasing the strength of the 
ships of the royal navy. Among so many changes, it is not 
improbable that erroneous conclusions may have been drawn 
as to the relative importance of each. We incline much to 
the opinion that this has been the case to a very great de- 
gree, and that a part hitherto considered as quite subordi- 
nate, and now wholly discontinued as useless, was one prin- 
cipal cause of the increase of strength which enabled ships 



This we shall presently endeavour Practical 

Building. 



to preserve their sheer, 
to prove. 

The lower ranges of riders and trusses, which were brought The d^ 
on the upper surfaces of the floors and first fiittocks, could g^Qai 
have but little effect in preventing arching beyond that frame, 
which arose from the additional resistance they offered to 
compression, and the additional rigidity they gave to the 
structure in the event of grounding, or of being ashore. 
They certainly served as a firm base upon which to erect 
a series of riders with diagonal trusses, which were more 
advantageously placed to afford efficient support to the ex- 
tremities of the body. Yet these upper riders only extend- 
ed to the securities of the g\m-deck, and therefore not very 
far above the line of non-action. Presuming, however, that 
this second series of riders was of considerable utility, a 
firm base for them might probably have been obtained with- 
out so much incumbrance to the hold, and consequently 
without the objection being urged against it, which was 
made to the diagonal riders, of diminishing the stowage. 
According to the estimates made by Sir Robert Seppings, 
the actual cubical contents of the diagonal frame were less 
than those of the ceiling which it superseded. 

The trussing between the ports has been discontinued in Trussing 
Her Majesty *s ships. We cannot but regret the change, as between 
we consider this was the most advantageous innovation con-^® P^'fti. 
nected with the diagonal system, and one in which the be- 
nefit was unaccompanied with compensating inconveniences. 

In investigating the reasons on which we found this 
opinion, we shall merely describe the manner in which we 
consider this trussing must have acted, to prevent any alter- 
ation of form in the upper parts of the ship. 

We commence, then, with the gun-deck of a three-decker. 
The gun-deck, firom its proximity to the line of inaction, 
from the support of the trussed mune, which extended to 
its shelf, and firom the wales, may be assumed, at least in a 
new ship, as a most firm base on which to raise a series of 
supports. At some point on the upper edge o£ the gun- 
deck spirketing, a shore, that is, the truss, firmly cleated at 
its heel, extended upwards and aft, in the after-body of the 
ship, to the lower edge of the middle-deck clamp, where it 
was securely cleated ; immediately above the head of this 
shore a second was fixed on the upper edge of the middle- 
deck spirketing, and extended upwards to the lower edge of 
the main- deck clamp, where it was secured ; and immediate- 
ly over the head of this shor^ a third was secured, on the edge 
of the main-deck spirketing, and extended upwards to the 
lower edge of the quarter-deck clamp, where it was finally 
secured : so that a point in the range of securities to the 
quarter-deck was continuously and firmly shored up from a 
point in the most rigid and unalterable part of the ship ; and, 
in the same manner, a series of points along the range of se- 
curities to the quarter-deck became shored up from the same 
foundation. This is in the after-body. In the fore-body a 
corresponding system of shoring ran in an opposite direc- 
tion forward, and in a similar manner supported the range 
of securities of the forecastle, while each intervening deck 
partook of the same advantage. 

Radiating as these shores did in opponte directions from 
the most rigid part of the ship as their base, while they af- 
forded a series of points of support to the principal longi- 
tudinal ties, they formed with them a system of triangles ; 
and the triangle is a figure which admits of no alteration 
of form ; for as long as the sides remain the same, the angles 
are invariable. It might almost be said to be impossible, 
therefore, for the range of quarter-deck and forecastle se- 
curities, by which we mean the clamp, shelf, and water-way, 
to drop at the extremities, excepting in so far as the com- ' 
pressibility of the materials would admit. 

To adapt another, and perhaps a stronger, view of this 
system of trussing, we may consider the whole top-sides of 
a ship, with the securities of the gun-deck as a base, to 
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Practical be a series of horizontal ranges of materials, supported by 
Building, alternations of firmly secured triangles, so placed, that the 
^^'^\^^'^ bases of the superior ranges of these triangles derive firm 
support from the triangles of the inferior ranges. Con- 
sidering the unalterability of form of the triangle, and the 
advantage of the pressure being brought upon the end 
grain, in which there is comparatively little shrinkage, this 
is certainly a mode of constructing a top-side which must 
be possessed of great rigidity. In fact, if there was an 
error in the system of trussing the top-sides adopted by 
Sir Robert Seppings, it was, that he did not extend it to 
the extremities, even round the bow and stern, and also 
apply a similar system to the short stuff outside between 
theports. 

The advantages to be derived from triangular combina- 
tions of the timber composing the hull of a ship are yet 
but imperfectly appreciated. We have no doubt that great 
improvement 'in ship-building is to be effected by these 
means, unless, indeed, timber should be superseded by 
iron, and the stupendous and costly line-of-batUe ship be 
destined to give place to small but powerfully armed steam- 
boats. An iron sailing vessel is being built in Scotland, of 
between five and six hundred tons burthen. It seems also 
not improbable that the introduction of so destructive a mis- 
sile as the hollow shot into naval warfare, will render it ex- 
pedient to diminish the aggregate loss from their effect, by 
lessening the size and increasing the number of the vessels 
used in naval battles. This is, however, as yet merely spe- 
culative. 
Filling in Another important part of the diagonal system, as it is 
tbe open- described in the foregoing account given by Sir Robert 
hi^- Seppings, was the making the bottom a solid mass, by filling 

in the openings between the frame-timbers. This we have 
already mentioned as most effective in resisting alteration 
in form. It possessed a more important advantage, in the 
immense additional safety it assured to the vessel in the 
event of grounding, or of starting a but of the plank. 
The introduction of the system of solid bottoms into the 
mercantile navy, which Mr Ballingall has so long and so 
strenuously urged, would be an incalculable advantage, 
not to the merchant or ship-owner, for the system of in- 
surance is their refuge, but to a class of men of equal 
value to England with either merchant or ship-owner — ^sea- 
men, whose lives arc oflen most cruelly sacrificed to the 
present immunity from pecuniary loss which marine in- 
surance guarantees to their employers. 

We are no friends to the system of marine insurance. 
We doubt much whether the evils which have resulted from 
it, in the loss of human life, and its attendant miseries to 
survivors, the system of gambling which it encourages 
among all classes of commercial men engaged in it, and 
the fraud and crime which it often occasions, do not more 
than counterbalance its advantages, which, afler all, may 
be summed up in this, that in the event of shipwreck, the 
merchant and ship-owner are indemnified for a loss which, 
in a majority of cases, would not have occurred had it not 
been for the recklessness and carelessness engendered by 
the very knowledge that this indemnification was to be 
purchased. We here advance no unsupported opinion : the 
Report of the committee of the House of Commons on ship- 
wrecks says, " The system of marine insurance, though 
affording the means of protecting individuals from excessive 
loss, has nevertheless a tendency, by transferring the pe- 
cuniary responsibility for such losses from the owners of 
ships to the underwriter who insures them, to induce less 
care in the construction of ships, less efficiency in their 
equipment, and less security for their adequate management 
at sea ; in as much as the risk of such loss to the ship-owners 
can be covered by a fixed premium of insurance, which, 
being charged on the freight, and then recharged on the 
goods conveyed^ fixes the real responsibility and real loss 



ultimately on the public; as all the parties actually engaged Practical 
in the transaction can insure themselves from any partici- Rud t l'Pg* 
pation in such loss, by the aid of marine insurance.** This, ^^^^ 
too, is from the Report of a committee composed principally 
of merchants, of ship-owners, and of ship-builders. But to 
return to our more immediate subject, though we can hardly . 
call this a digression, connected as it is with the progress of 
the science we are writing on. 

The system of wooden riders, longitudinal pieces, and Modem 
trusses '(Plate CCCCLVI. fig. 48), is now discontinued in^ago"al 
Her Majesty's ships, and is superseded by a modification of ""PP®*^ 
the iron riders or braces, which were formerly only proposed J^^^ ^*' 
by Sir Robert Seppings for frigates and the smaller classes bujidiiig. 
of vessels. In the recent adaptation of these braces to line- 
of-battle ships, there are several material differences from 
the original plan. Th^ ceiling, with its thick strakes over 
the heads and heels of the timbers, is restored, excepting 
that the planking between these thick strakes is laid dia- 
gonally, as shown in Plate CCCCLVII. fig. 49. There 
are also two ranges of iron riders; the lower range is brought 
upon the inside of the timbers of the frame, and the ceil- 
ing worked upon and scored over them. The upper ends 
of .this range of riders extend forward in the fore-body and 
aft in the afler-body, and the heads run high enough to 
turn out upon the orlop clamps, and bolt through them. 
The riders of the upper range give long shifl to those of 
the lower range, and their direction crosses that of the 
lower range at right angles. Both ranges are very secure- 
ly bolted through the bottom. 

It will have been evident from the foregoing remarks, 
that we do not consider the hold as an advantageous situa* 
tion for any great expenditure, either of workmanship or 
materials, simply for the purpose of preventing the altera- 
tion in the form of a ship. 

After having obtained the greatest degree of incompres- 
sibility compatible with the materials used, the next ob- 
ject, in this part of the body, should be to insure adequate 
local strength, to resist the strain of taking the ground ; 
and we assume it for granted, that it is for this purpose 
the thick strakes at the heads and heels of the timbers 
have been restored, and also that the lower tier of iron 
riders is worked. The placing the ceiling diagonally be- 
tween the several assemblages of thick strakes, was proba- 
bly with an idea that it would act as a trussing; but, accord- 
ing to the views of the action of the disturbing forces which 
we have taken in this part of our article, it can have little, 
if any, effect in preventing alteration in form, beyond that 
of ceiling worked in the ordinary and less costly manner, and 
is inferior in other respects. 

In the upper range of riders the iron bars are placed with 
their upper ends extending inwards from the extremities of 
the ship, offering a series of very effective ties, or braces, to 
connect the unsupported extremities of the vessel to the 
midship, or supported part, and to the firm basis of the 
zone about the surface of the water. This series of braces 
is unquestionably advantageous, and is also correct in prin- 
ciple, as affording support to the extremities of the vessel^ 
by connecting them with the most unalterable part of the 
fabric, and to that portion which is abundantly supported by 
the external fluid. We think it probable that the addi- 
tional strength resulting to the lower part of the vessel 
from the lower range is scarcely adequate to the additional 
expense incurred by working them, with all the accessory 
fastening and fitting. This method which we have describ- 
ed of strengthening the floor, has not near the rigidity to 
resist damage from grounding, of the system that it has 
superseded, which certainly did, according to the intention 
of the inventor, partake of the nature of an inverted arch, 
or rather dome. It has, however, one, and that too a very 
considerable advantage, over the wooden diagonal system^ 
as it offers a fair surface for stowage. 
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Practical The system of iron diagonal riders which we have de- 
Building. scribed is that adopted in line-of-battle ships. There are 
^"^^^^ several variations from this system, in its adaptation to the 
smaller classes of vessels. The general features are how- 
ever the same. The modifications all tend more or less to 
simplify it in its details. There are, however, some instan- 
ces in which the iron bars have their upper ends extending 
outwards, towards the extremities of the vessel, probably in 
order to assimilate them to trusses ; but this is evidently, 
next to the vertical, the least advantageous position they 
could be placed in. 

Of all the modem innovations in ship-building, the al- 
teration from the square termination to the round in the 
stems of ships was received with most general reluctance, 
so wedded is the eye to the forms it has been habituated 
to gaze upon ; yet it may be fairly questioned whether, if 
cannon had been used for naval warfare when ships were 
first built, a square stern would have ever been construct- 
ed, and also whether the curvilinear termination to a body, 
every outline of which pretents curves to the eye, is not 
more consistent with the requirements of a correct taste. 
Be these questions answered as they may, it is certain that 
the alteration was attended with a great local increase of 
strength in a part which had always previously been con- 
sidered the most imperfectly combined in the whole hull. 
This was in consequence of the various changes in the 
timbering which were required to maintain the angles in 
the contour of the square stem. (Plate CCCCLIX.) First, 
the ends of the transoms were very insecurely connected 
with the sides of the ship; then the connexion between 
the counter-timbers and the transoms was equally insecure; 
and, lastly, the planking along the sides had no connexion 
with, and consequently formed no tie to, that on the stern. 
In the round stem, the timbers of the frame continue to 
give shift to each other, and to be firmly connected to- 
gether all round the curve of the stern ; the various inter- 
nal supports are uninterrupted ; and the principal planking, 
being continued from side to side, binds the whole togetlier, 
and makes the stern little inferior to the broadside in local 
strength. 

The object for which the circular stem was introduced 
was not so much increased strength in mechanical structure, 
as increased strength in defence from attack. Most of the 
modifications of the round stem which have been introdu- 
ced to preserve the appearance of the square form, and yet 
obtain the same increase of means of defence or of aggres- 
sion, have been considerable improvements in point of me- 
chanical constmction on the old square stem, but they are 
certainly inferior to the circular stern in strength. This is 
partly in consequence of the great rake given to tliem, which 
also diminishes the advantage that was the object of the 
original alteration ; the increase of the means of attack or 
defence, as the explosion from the muzzle of the gim will 
scarcely clear the ship's side. 

The great extent to which this rake is now carried is 
exemplified by comparing the rake of the stem of the 
Queen, an English first-rate, which is three feet nine inches 
in ten feet, with the rake of the stem of the Achille, a 
French line-of-battle ship, which is only two feet two inches 
in ten feet We quite grant the beauty of appearance aris- 
ing from the rake of the stern ; but beauty of appearance is 
not an essential for a ship of war. In fact, we believe 
that the stern adapted for a ship of war is yet to be designed, 
and that stems will eventually be towers of strength, nearly 
vertical from the counter to die taffrail. 

The three modifications of ships' stems of which we have 
been speaking will perhaps be more clearly understood by 
an examination of rlate CCCCLIX. 

The drawings (Plate CCCCL.) which we have select- 
ed for exemplifying the various plans, sections, and lines 
connected with the draught and tlie laying off, are those of 



Bows. 



the Vindictive, a fiigate having an important improvement Practical 
in the form of the bow above water, introduced by Mr Building. 
Blake, the master-shipwright of Portsmouth yard, by which ^'*"'^^^^*^ 
her battery for chase is very considerably increased in 
strength and efficiency. These advantages are gained with- 
out the loss of any strength, and without the addition of cost, 
in building ; so that it is highly to be desired that this ship 
should have a fair trial at sea. The stern of this ship is a 
modification of the circular formed stem, also from the de- 
sign of the same gentleman. 

We shall now proceed to notice some of the peculiarities 
observable in the French practice of ship-building. The 
characteristic difference in their system from our own, 
which would strike an observer accustomed to English 
ship-building, would evidently be a less expenditure of 
material. 

The French have retained the old system of frames and French 
filling timbers. Frequently the frames are close jointed fWp-build- 
throughout their height, and the filling frames put up as"*^* 
single timbers, as is shown in fig. 50, Plate CCCCLVIII. 
The filling timbers are also frequently of fir. Both frames 
and filling timbers are chain-bolted. There is lio shelf 
under the beams, only a thick clamp, and a wide chock 
worked upon the short stuff, and up to the beam (Plate 
CCCCL VII I. fig. 45). There are generally Uiree side bind- 
ing strakes faced one inch on, and scored one inch over 
the beams, and bolted together by in and out bolts passing 
through the water-way, which is also faced and scored in 
the same manner. These bolts are secured with nuts and 
screws at the points, on the outside plank. 

The water-way is not always scored over the beams, but Watcr- 
is sometimes brought plain on their ends (fig. 46). The way. 
bolts of the binding strakes, which are then also merely 
brought on to the beams, secure its lower edge ; and in both 
cases it has in and out bolts through the ship's side, to se- 
cure its upper edge. 

The method of connecting the beam -ends with the ship's Beam-ends, 
side, which appears to be most generally adopted in the 
French ships at present, consists of a chock under the beam 
(fig. 45), securely bolted through the ship's side, the points 
of the bolts being set up with a nut and screw. The beam- 
end hooks over the head of this choc k. A plate-knee si- 
milar in shape tojth^ -*-' He English service as 
Roberts' kn'f"^^ , on eacti side against the chock and 
beam ; but th. .rees, instead o^ having a short arm against 
the ship's side tor taking in and out fastenings, themselves 
form the bolt, each knee having an arm which is driven 
through the side by means of a shoulder worked in the 
knee, similar to the shoulder of a dog-bolt. The outer end 
is secured by a nut and screw. The security of the plate- 
knees to the beam and chock consists only of three screws 
in each arm, and one screw in the diagonal brace. These 
s'crews are not above five inches long. Thus the security 
of either knee is completely unconnected with that on the 
opposite side of the beam. 

The wales, diminishing stuff, and plank of the bottom, piani^ng. 
are all treenail-fastened, the buts are secured with two bolt- 
nails in the timber on which the but is placed, and a 
through-bolt is driven in the timber next the but In some 
instances the plank is nail-fastened, but whether with nails 
or treenails it is double fastened. The treenails are not 
caulked on the ceiling, but wedged with conical wedges. 
Most of the principal bolts, as those of the water-ways and 
chocks, under the beams, are set up outside with a nut and 
screw ; and great care is taken to omit the fastening of the 
wales and outside planking, wherever these bolts can be 
advantageously made to answer as fastenings for them. 

There is no regular system observed in shifting the buts 
of the plank, as there is in the English service ; but the 
planks are worked to their full length, without reference to 
the shift : the only rule which appears to be observed is, that 
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LaunchinK. there shall be about two feet shift between the buts of fol- these supports, and transferred to a moveable base ; and Laun ching. 

'*— "v^^ lowing strakes. a platform must be erected for the moveable base to slide ''"^'^v^^ 

Rather an interesting experiment as to the possibility of on. This platform must not only be laid at the necessary 
diminishing the scantling of the timber, to any great ex- inclination, but must be of sufficient height to enable the 
tent, which is used for building large ships, is in progress ship to be water-borne, and to preserve her from striking the 
in the French navy. The Surveillante, a large frigate, was ground when she arrives at the end of the ways. 



built wholly of small timber, about ten years ago, and as 
yet the reports on the system are favourable. 

The following is an outline of the pkn on which she wai 
built. 
Small iim- The keel, stem, and stern-post are formed of various pieces 
l>ei. of timber combined as in the section, Plate CCCCLVIII. 

fig. 61. 

The several lengths of the centre piece, or core, are 
scarphed togetlier, while the side or strengthening pieces 
only but with plain buts ; care being taken that the buts 
and scarphs give good shift to each other. 

There are in this system no other frames than those which 
form the sides of ports, and the timWrs composing these 
frames are bolted together, without leaving any opening 
between them, that is, close jointed. The spaces between 
the frames are filled in with single timbers, or rather with 
a frame-work of timber fitted together in the manner shown 
in fig. 52. 

The cant-bodies are framed as in the ordinary method, 
the afler-body timbered round to the post without transoms 
or fashion-pieces. 

From the main-deck upwards the scantlings of the frames 
are not different from those of a ship of a similar size built 
in the usual manner ; but below this line there is a very con- 
siderable reduction. This reduction commences at the 



For this purpose, an inclined plane, a, a (Plate 
CCCCLVIII. figs. 68, 64), purposely lefl unplaned to di- 
minish the adhesion, is laid on each side the keel, and at 
about one sixth the breadth of the vessel distant from it, 
and firmly secured on blocks fastened in the slipway. This 
inclined plane is called the sliding plank. A long timber, 
called a bilgeway, b, 6, with a smooth under -surface, is 
laid upon this plane ; and upon this timber, as a base, a 
temporary frame-work of shores, c, c, called " poppets," is 
erected to reach from the bilgeway to the ship. The up- 
per part of this frame-work abuts against a plank, c/, tem- 
porarily fastened to the bottom of the ship, and firmly 
cleated by cleats, e, «, also temporarily secured to the bot- 
tom. When it is all in place, and the sliding- plank and 
under side of the bilgeway finally greased with tallow, sofl 
soap, and oil, the whole framing is set close up to the bot- 
tom, and down on the sliding plank, by wedges, f^ f^ tech- 
nically called slivers, by which means the ship's weight is 
brought upon the " launch." 

When the launch is thus fitted, tlie ship may be said to 
have three keels, two of which are temporary, and are se- 
cured under her bilge. In consequence of this width of sup- 
port, all tlie shores may safely be taken away.. This being 
done, the blocks on which the ship was built, excepting a 
few, according to the size of the ship, under the foremost 



lower edge of the gun-deck clamps, and there a couple of end of the keel, are gradually taken firom under her as the 
thick strdces are worked up to the lower edge of these gun- tide rises, and her weight is then transferred to the two 
deck clamps, to form an abutment for a series of internal temporary keels, or the launch ; the bottom of which launch 
timbers, brought on the inner surface of the timbers of the is formed by the bilgeways, resting on well-greased in- 
frame, and crossing them at an angle of 46^, the upper ends clined planes. The only preventive now to the launching 
being placed forward in the fore-body, and afl in the after- of the ship is a short shore, called a dog-shore (^), on each 
body. These timbers but at their heels on the heads of a side, with its heel firmly cleated on the immoveable platr 
series of internal fioor-timbers, brought on the upper sur- form or sliding plank, and its head abutting against a cleat 
faces of the floors of the frame. These internal floors are (A), secured to the bilgeway, or base of the moveable part 
laid athwartships. The openings between the timbers of of the launch. Consequently, when this shore is removed, 
this internal diagonal frame are filled in with wedge-filling the weight of the ship forces her down the inclined plane 



so that the whole hold presents one smooth surface for 
stowage. 

Wherever there is an athwartship bulk-head, there is a 
system of riders worked on the inner surface of this diago- 



to the water. To prevent her running out of her straight 
course, two ribbands are secured on the sliding plank, and 
strongly shored. Should the ship not move when the dog- 
shore is knocked down, the blocks remaining under the fore 
nal frame, but taking a vertical direction. The timbers of part of her keel must be consecutively removed, until her 
these bends of riders are not wrought side by side, but one weight overcomes the adhesion, or until the action of a 
series of timbers is worked on the inner sur&ce of the other, gcrew against her fore foot forces her off. 

and the bolts pass in and out through both, and through Fig. 65 (Plate CCCCLIII.) will give an idea of a method French me- 
the bottom. These riders run up to the lower deck, and a of fitting the launch which is practised in the French yards, thod of 
beam is so disposed with respect to each bend of riders, as It must be observed, that the plan requires a firm foundation ^^^^^' 
to be secured to their heads, and form a part of the system, to the slipway, and therefore it is not generally applicable. 
~ ' ' The two pieces (a, a) which are shown in the ngure as 

being secured to the ship's bottom, are the only pieces 
which need be prepared for each ship ; the whole of the re- 
mainder will be available for every launch. These pieces 
were, in the laimch fitted to the bottom of a fifly-gun firi- 
gate, seven inches thick on their outer edges at the mid- 
^ip bend, and were in length one third that of the ship. 

A space scarcely more than half an inch was lefl; between 
them and the baulk-timber, which was placed beneath them 



The bulk-heads which necessarily fill in the space between 
the beam and the riders run diagonally up on either side 
the, middle from a midship pillar to the beam and riders. 
Each bulk-head is water-tight. 

On Launching. 



Launching. Ships are generally built on blocks which are laid at a 
declivity of about ^ths of an inch to a foot. This is for the 



facility of launching them. The inclined plane or sliding (b, b), as it was not intended that the ship should bear on 

plank on which they are launched has rather more inclina- these baulk-timbers in launching; they are only to support 

tion, or about f ths of an inch to the foot for large ships, her in the event of her heeling over. The ship was intended 

and a slight increase on this for smaller vessels. This in- to launch wholly on the sliding plank (c), which was fitted 

clination will, however, in sqpie measure depend up<Hi the under the keel. This sliding plank was, in the case in ques- 

depth of water into which the ship is to be launched. tion, about four inches thick. The groundwaya were of 

While a ship is in the progress of being built, her weight baulk-timber, laid about four feet apart, extending across 

is partly supported by her keel on the blocks, and partly by the slip ; between these groundways sUcks of l^ocks were 

shores. In order to launch her, the weight must be taken off built, so that the sliding f^k was supported along its whole 
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Launching. length with scarcely greater intervals than about fifleen 
'**-^v*"^ inches between the supports. The slip was cut from out 
of the solid rock. 

Fig. 66 (Plate CCCCLIII.) represents a section of a 
method of launching a ship which has been coppered on the 
slip, and which therefore need not be afterwards docked 
for that purpose. This method of fitting the launch avoids 
the necessity of docking to remove the launch, by not hav- 
ing any part secured to the ship. The two sides of the 
cradle are prevented from being forced apart when the 
weight of the ship is brought on them, by chains passing 
under the keel. Each portion of frame- work composing 
the launch has two of these chains attached to it, and 
brought under the keel to a bolt a, which passes slackly 
through one of the poppets, and is secured by a strong 
fore-lock by with an iron handle c reaching to the ports, at 
which, when the ship is afloat, it may be drawn out of 
the bolt ; the chain then draws the bolt a, and in falling 



trips the cradle from under the bottom. There should be Laundiing. 
at least two chains on each side secured to the fore-poppets, "-^ ^^^^ 
two on each side to the after-poppets, and two on each side 
to the stopping-up (fig. 54) ; and this is only for the launch 
of a small ship. The number will necessarily increase with 
the weight of the vessel. 

We close this article with some most valuable tables of Experi- 
experiments. The first is compiled from one in Moseley's™®?^.*'" 
Illustrations of Mechanics, the other three we have been^"^""*^ 
kindly favoured with by Mr Parsons, a member of the late 
School of Naval Architecture, and formerly belonging to 
Her Majesty's dock-yard service. These eicperiments, with 
a number of others on various securities, were most care- 
fully made by this gentleman; andVe regret much that 
he has not yet made them public to the world, as we are 
not aware of any similar information being accessible to 
naval architects or to engineers. 



" Table of the Tenacities cf different Substances^ and (he Resistances which they oppose to direct Compression, 



Sttbitancefl Experimented on. 



Wrought iron, 

in bars, Russian (mean) 

.«.. English (mean). 

.^ hammered 

rolled in sheets and cut lengthways., 
ditto cut crosswise.... 

Cast iron, quality No. 1 

.---.- No. 2 

^ ^ No. 3» 

Copper, cast 

^^ hammered 

.^ sheet 

.^ wire 

Ash, specific gravity, *6 

Teak, ^ -9.... 

Oak, ^ •»2 

Oak, _ -77 : 

Fir, ^ -6 

Mahoffany,.^ *637 

Elm 

Pine, American 

Deal, white 



Tenacity, in 

Tons, per 

Square Inch. 



27 

25i 

30 

14 

18 
6 to 7} 
6 to 8 
6to9f 

84 
15 
21 
27J 

8 

7 

5 

4 

5 

H 

6 
6 
6 



Name of the Ek. 
perhnenter. 



Lam^. 

Brunei. 
Mitis. 

Hodgklnson. 



Bennie. 

Kingston. 

Barlow. 



Cnuhing Force, 
in Ton*, per 
Square Inch. 



38 to 41 
37 to 48 
61 to 66 

62 

46 



1-7 



•67 
•73 
-86 



Name of the Ex- 



HodgkinsoQ. 
Bennie. 



* " The strongeat quality of cast iron ia a Scotch faron known aa the Devon hot-bhMt, No. 8 ; ita tenacity if 9| tons per square inch, and iU resistance to compression 
65 tons.'* 



** Table of the Adhesion (f Iron and Copper Bolts driven into sound Oak with the usual Drifty^ not clenched, and 

su^tcUd to a direct Strain^ as in Jig. 57. 



OiaiMter 
oftb. 
Bolt. 


Number 
of the 

Experl- 
ment. 


Iron. 1 


Copper. 1 


Diameter 
of the 
Bolt. 


Number 
of the 

Experl. 
ment. 


Iron. 1 


Copper. 1 


Length of the Bolt driren into the Wood. | 




Four 


Six 


Four 


Six 


Four 


Six 


Four 


Six 






Inches. 


Inches. 


Inches. 


Inches. 


. 




Inches. 


Inches. 


Inches. 


Inches. 


ladici. 




Tons. Cwt. 


Tons. Cwt. 


Tons. Cwt. Tons. Cwt. 


Inches. 




Tons. Cwt 


Tons. Cwt. 


Tons. Cwt. 


Tons. Cwt 


f 


1 


1 13 


... 


184 


... 




1 ■ 


3 3 


6 


3 10 


6 6 


. \ 


2 


2 




18 




J...) 


2 


3 2 


6 


3 10 


6 6 


\-] 


3 


2 2 


...» 


19 




3 


3 10 


6 


3 10 


5 8 


L 




1 13 




18 


... 


^ 




3 10 


6 


3 18 


4 18 


c 




2 6 


2 12 


1 7 


2 2 


r 




4 10 


6 2 


4 


4 13 


. \ 




2 4 


2 11 


1 8 


2 2 


.... 




6 12 


6 10 


4 


4 13 


I..J 




2 4 


2 16 


1 10 


2 2 




3 10 


6 11 


4 6 


4 19 


i 




2 


2 10 


1 13 


2 


t 




4 10 


6 4 


4 2 


4 19 


c 




3 2 


3 12 


2 10 


2 16 


c 




6 


7 2 


4 2 


6 19 


i... 




3 4 


4 


1 17 


3 10 


.... 




4 7 


8 1 


4 8 


6 




3 


4 


2 2 


3 1 




4 11 


6 6 


3 16 


6 6 


t 




2 10 


4 


2 6 


2 16 


( 




4 


7 


4 10 


6 


f 




3 2 


6 6 


3 


4 6 














i..j 




3 


4 8 


3 6 


3 18 
















3 1 


4 8 


3 6 


3 16 














L 




3 1 


6 


2 9 1 3 6 















rift is an allowance made to Insoie sufficient tightneai in a flwtcning ; it U tberefort the qvantitf by wlilch the dlametv of a tetcning 
hole boccd tot lU reception. 



tbe diameter of the 



Digitized by 



Google 



90 



SHIP-BUILDING. 



Experi- « In Riga fir the adhesion was on an average about one 
mentfc on ^i^{y^ ^f ^^^ j^j ^^ ^^^ j^ g^^j sound Canada ekn it was 
rairtemngs. ^^^^ ^^^ ^^^^ of that in oak. 

TaUe of the fUrength of Clenches and of Forelocks, as se- 
curities to Iron and Copper Bolts^ driven six inches^ with" 
out Drift, into sound Oakj either clenched orforelocked on 
Ringsy and subjected to a direct Strain, as in fig, bl. 



of the 
Bolt. 


Number 
of the 
Experi- 


btm. 


Copper. 1 












ment. 


aench. 


Forelock. 


aench. 


Forelock. 


iDCb. 




Tons. Cwt. 


Tone. Cwt. 


Tons. Cwt. 


Tom. Cwt. 




1 


I 16 


16 


1 


8 


♦'"•^ 


2 


I 13 


14 


19 


8 


3 


I 9 


20 


I 


7 




4 


1 9 


18 


1 


6 




1 


3 


1 15 


2 10 


1 4 


•••"1 


2 


3 


1 8 


2 10 


1 


3 


2 16 


1 9 


2 6 


1 2 




4 


2 15 


1 14 


2 9 


1 4 




1 


4 15 


2 11 


3 10 


1 18 


?••• 1 


2 


4 10 


2 15 


3 15 


1 18 


3 


4 5 


2 10 


4 


2 4 




4 


4 12 


2 12 


4 10 


1 16 




1 


5 18 


3 15 


6 


2 13 


!•••"} 


2 


6 8 


3 6 


6 15 


2 10 


3 


6 8 


3 


6 5 


2 16 




4 


8 


3 7 


5 10 


2 10 




1 


7 10 


3 10 


7 


••. 


%••• 1 


2 


7 10 


3 15* 


7 




,, 


3 


8 


3* 10 


7 6 




,, 




4 


8 15 


3 15 


7 8 




,, 




1 


11 11 


5 1 


7 16 




,, 


i-»"S 


2 


11 15 


5 10 


7 16 




,, 


3 


8 11 


4 6 


7 12 




„ 




4 


8 6 


4 15 


7 6 




,, 




1 


12 


,5 18 


7 1 




,, 




2 


12 3 


6 18 


7 1 




,. 


3 


U 3 


5 12 


7 14 




,, 




4 


11 1 


5 2 


8 14 




•• 



^* In the eicperiments on the clenches, the clenches always 
gave way ; but with the forelocks it as frequently occurred 
that the forelock was cut off as that the bolt broke ; and 
in the cases of the bolt breaking, it was invariably across 
the forelock hole. According to the tables, the security of 
a forelock is about half diat of a clench. 

*' It appears an anomaly that the strength of a clench on 
copper should be equal to that of one on iron. But, in con- 
sequence of the greatei; ductility of copper, a better clench 
18 formed on it Uian on iron. Generally the thickness of 
the fractured clench in the copper was double that in the iron. 
With rings of the usual width for the clenches, the wood will 
break away under the ring, and the ring be imbedded for two 
or more inches before the clench will give way. 

''With the inch copper bolts, all the rings under the clenches 
turned up into the shape of the fhistum of a cone, and allow- 
ed the dench to slip through at the weights specified. 

*^ Experiments with ring-bolts were made to ascertain 



the strength of the rings in comparison with the clenches. Experi- 
The rings were of the usual size, viz. the iron of the ring ™®'^*^*.on 
one eighth inch less in diameter than that of the bolt. It ™*«"in« 
was found that the rings always carried away the clenches, 
but that they were drawn into the form of a link with per- 
fectly straight sides. The rings bore, before any change 
of form took place, not quite one half the weight which tore 
off the clenches. It appears that the rings are well pro- 
portioned to the strength of the clenches. 

« Table of the Transverse Strength of Treenails of English 
Oak used as fastening fitr Planks of three and of six 
inches in thichness, arid su^ected to a Strain, as shown to 
be applied in fig. 58. 



Number 
of the 

Experi- 
ment. 


DbuneteroftheTreenaUi. | 




I Inch. 


1 1* 


Inch. 1 liJnch. | If Inch. { 


Thickness of the Plank. | 


Sin. 


6 In. 


8 In. 


6 In. 


3 In. 


6 In. 


8 In. 


6 In. 




T. 


C. 


T. 


C. 


T. C. 


T. C. 


T. C. 


T. C. 


T. C. 


T. C. 


1 


1 


8 


1 


7 


1 14 


2 8 


2 


3 12 


3 


5 10 


2 


1 


7 


1 


15 


2 2 


2 2 


2 6 


2 10 


2 10 


3 13 


3 


1 


2 


1 


8 


1 17 


2 19 


2 15 


2 10 


4 


4 


4 


1 


H 


1 


8 


2 2 


2 2 


2 4 


3 12 


2 8 


3 8 


5 


2 


12 


1 


3 


2 2 


1 15 


2 18 


2 5 


3 10 


4 


6 


2 


2 


1 


7 


2 9 


2 10 


2 6 


.2 5 


3 10 


5 8 


7 


2 


4 


1 


10 


2 8 


2 10 


3 7 


2 5 


3 5 


3 12 


8 


1 


6 


2 


3 


2 7 


2 


2 5 


3 


3 5 


3 13 


9 


1 


8 


1 


8 


2 12 


2 10 


3 


4 


4 6 


4 13 


10 


1 


2 


2 


3 


2 10 


2 15 


3 


4 10 


3 8 


4 


11 


2 





2 





2 7 


2 


3 9 


2 18 


4 


3 8 


12 


1 


8 


1 


7 


2 10 


2 


4 2 


3 


4 10 


5 


13 
Average 


1 


16 


2 


8 


2 17 


2 


3 2 


3 18 


4 2 


5 5 


1 


11 


1 


13 


2 6 


2 6 


2 16 


3 2 


3 10 4 e\ 



« In all these experiments on treenails, when the tree- 
nails were evidently good, they gave way gradually. In 
some of the rejected experiments, however, the treenails 
certainly did break off suddenly, but then they were evi- 
dently on examination eitlier bad or over-seasoned tree- 
nails. It is no uncommon remark in caulking down the 
bottom of a vessel, that the caulkers break off the treenails by 
caulking, and that they hear them crack or break off suddenly. 
Now I do not believe that this cracking of the treenails takes 
place so frequently as it is supposed. What the men hear 
is the starting of the plank on the different fastenings. It 
has been asserted that the treenails made from the Sussex 
oak are much stronger than those made from the New Forest 
timber, or any other English oak. To ascertain the truth 
of this assertion, some experiments were made with Sussex 
and New Forest treenails of all sizes ; and the result was, 
that there was not the least difference in them, the New 
Forest were on experiment quite as strong as the Sussex. 

" In the experiments on treenails, the plank generally 
moved about half an inch previous to the fracture of the 
treenail." (b. z.) 
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